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H 18 S wehe lle ekt of the five 
preceding ones, contains an account 
of many new far, with ſeveral illuſtra- 
tions of thoſe diſcovered defore but withal 
many net difficulties, ſuch as muſt exelte a 
deſire of making farther progreſs in theſe 
inveſtigations: ſo a * we 1 bony, any 
end of o our labours.” 7 1979 rc Heat 
Serra ts 24 ot 997 :uoibogg, k. 

Thie, howeody, is a conſideration by no 2 
means diſcouraging to the true philoſopher. 
On the contrary; it is calculated to open to 
him the moſt pleaſing of all proſpects, as it 
ſhows us that there will never be wanting 
proper objects of theſe inveſtigations, than 
which nothing can furniſh more delightful ' 
1 u to the mind of man, and which 
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vi THE PREFACE, 
promiſe advantages that will abundantly 
compenſate: for all the unn, 
beſtow upon them. | 


As we ourſelves are parts of the great 
ſyſtem of nature; as the laws ef nature 
comprehend, and continually affect us; and 
every thing that we do is putting things into 
fituations, in which the laws. of nature de- 
termine the reſult; the more perfect know- 
| ledge, we have of thoſe laws, the better we 

mut be able to. foretel. thaſe. reſults, and 
therefore to chuſe what we with. to produce. 
Conſequently, the more knowledge we have 
ef the laws of nature, the greater power we 
ſhall have over nature, and the more com. 
modious we ſhall be able to make our ſitua- 
tion-in the world, while it'remains conſti- 
_ tyted as it is. And as we are at preſent in; 
aur ĩafancy with reſpect to the knowledge) 
of nature, we may aſſure ourſelves, we are 
likewiſe, but in our infancy with reſpect to 
the power we may acquire of guarding our- 
ſelves againſt the inconveniencies, 2 n. 
ing the advantages of our ſituation, 


hy” 


— 
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It is nothing but a ſuperior knowledge. of 
thinks of nature, that gives Europeans-the 
advantage they have over the Hottentots, or 
| the loweſt of our ſpecies. Had theſe people 
formed an idea of any mode of life ſaperior 
to their own, though it differs but little 
from that of the brutes. In like manner, 
ſcience advancing, as it does, with an 
accelerated progreſs, it may be taken for 
granted, that mankind ſome centuries hence 
will be as much ſuperior to us in knowledge, 
and improvements in the arts of life, as we 
now are-to the Hottentots, though we can- 
not have any conception what that - know« 
ledge, or what thoſe improvements, will 
be. It is endugh for us to ſe that nature is 
inexhauſtible, that it is a rich mine, in 
which we ſhall- never dig in vain, and that 
it is open to infinitely more labourers than 
are now r 9 n 


, 


vt THE PREFACE: 
in generdl wonder that I do not confine thy 
attention to it. Their diſſatisfaction with! 
me is ſo great, and I hear of it from ſo many. 
quarters, that I think it right to take ſome; 
oppottunity (and a better than the preſent 
will hardly occur) to: make an · apology for: 
my conduct, eſpecially to thoſe of my friends; 
by whoſe aſſiſtance I am enabled to give my 
time to theſe liberal purſuits j being pleaſed; 
to think that my attention to them will be 
bs phat to ſeiende and the anten 
I he fr * 1 N WY nes ahn 1 
follow my on beſt judgment in devoting: 
(| my time to what I really apprehend. to be: 
| the moſt important purſuits, thoſe from! 
which myſelf, and mankind, at large, will 
finally derive the greateſt advantage; and 
ö l muſt be allowed to ſay, that the greater va» 
1 riety of objects to which-it is evident that I 
| , have given attention, muſt qualify me to be a 
| better judge in this caſe than thoſe who cen- 
4 | ſure my conduct. Perſons who have only 
== one object of purſuit, never fail to over-rate 
it, and of courſe to undervalue other things. 
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I have given to theolagy (Which, by the? 
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THE: PRETA OE. ins 
would farther obſerve, that the attention 


way; is my original and proper province, and 
for which I may; therefore, be allowed to 
have a juſtifiable predile&ion): does not en- 
groſs ſo much of my time as ſome perſons 
may imagine. I am particularly complained 
of at preſent, as having thrown away ſo 
much time on the compoſition of my Hiflory 


of the-Corruptions of. Cbriſtianity, and of the 


Opinions concerning Chriſt. But I can aſſure 
them, and the nature of the thing, if the 
conſider it, may ſatisfy them, that the time 
I muſt neceſſarily have beſtowed! upon the 
experiments of which an account is con- 
tained in this ſingle volume, is much more 
than I have given to the /x, of which the 
above-mentioned works conſiſt, and to all 


the controverſial pieces that I have written in 
defence of the former of them. The labour 


and attention neceſſary to enable me-to write 
fingle paragraphs. in this work, have been 
more than was requiſite to compoſe; whole 
ſections, or chapters, of the former. In 
l. during the compoſition of thoſo 

works, 


x THE PREFACE. 
ſpent in my laboratory, and the evenings and 
mornings only in reading or writing. Be- 
ſicles, theſe different ſtudies ſo relieve one 
another, that I believe I do more in each of 
them, by applying to them alternately, than 
I ſhould do, if I Irs 
eee 8002 


But my 1 defence reſts on the ſu- 
perior dignity and importance of theological 
fludies to any other whatever. Every rational 
being ought to diſtinguiſh, by the greater 
attention that he gives to them, thoſe ob- 
jects which are of the greateſt importance 
to himſelf, and to mankind: at large. And 
certainly, if there be any juſt rule for eſti- 
mating the valug of a problem, or query, 
that is propoſed to us, we muſt think it of 
inſinĩtely more moment to diſcover whether 
there be a future, and eſpecially an endleſs. 
life after this, and how to ſecure a happy lot 
in that future life, than to make the beſt 
proviſion poſſible for ourſelves in this life; 
which is the ultimate object of all natural 

0 | 
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— Sujara infinitely — 
e mee have thor ch 
— prifiveiit 0 th; _ 
buſying himſelf about farthings, who' has 
_— —.— Te I —— and 


8 
tend to ſay in the caſe; muſt be, that the 


expectation of a future life is ſo manifeſtly 
chimerical, that it can never be worth a 
wiſe man's while to loſe a moment in'think- 
ing about it, or to employ his time in any 
ſtudy relating to it. This I know to be the 
3 of many who will read this book, 
not this preface. But in this I muſt take 
the liberty to differ from them, and for rea-- 
fons which 1 _ nero o 2 mn 
1 ee 5 r un FF A 103) it 


ii THE PNEF ACE. 
Natural phenomena; I agree with them, 
are unfavourable to any expectation of a fu- 
ture life, and the doctrine of an immaterial 
foul, ca pable of ſubſiſting and acting when 
the body is in the grave, on which the doc- 
trine of a future; ſtate is generally founded, 
I am as fully perſuaded: as they can be, is 
unauthorized by any natural appearances 
whatever. My expectation of a future life 
reſts on another foundation; and, improba- 
ble as I acknowledge the doctrine to be, ac- 
cording to the light of nature, it is nevertheleſs 
ſuch as I firmly believe, on the plaineſt of all 
evidence; the author of nature having given 
us an abſolute aſſurance of it, by perſons 
authorized to ſpeak in his name, and whoſe 
divine miſſion was proved by ſuch works as 
no other than the author of nature * 
have enabled them to perform. 


N + a 


That uch works yl | Vari 1 
and for this important purpoſe, muſt, I ap- 
prehend, be true, if there be any truth in 
hiſtory. And there is no kind of evidence 
more 
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Which the helief of a future life depends) or 


eyery motive to turn their eyes from: them, 
or diſbelieye them if they could, ſhould 


of every thing dear to them in life, and 
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more. eatily ſubjected to a rigorous examina- 
tion chan hat which is of dhe hiſberigsl 
kind, the maxims of which we ale every day 


converſant. With, e mo mods niet daa am 


a Now it appears to me, battrcintaſhather 
admit che truth of he goſpel hiſtory, which 
contains an account af the doctrine, mitn 


cles, death, and peſurrection of: Chtiſt (on 


believe What is infinitely. more incredible, 


via. that ſeyeral thouſand people, preſent at 


the tranſactiont, and who had no motive to 
believe them without ſufficient evidence, but 


yet, without ſuch evidence, have giveg che 


firmeſt aſſent to them, and have-entertained 


ſo little doubt of the extraordinary facts, as 
to maintain their faith in them at the hazard 


even chearfully lay down their lives, rather 
than abandon their faith. Let -philoſophers, 
as ſuch, account for this great /a#; without 
admitting more real miracles, and thoſe of a 


more 
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more extraordinary kind, chan the belief of 
ehriſtianity tequires of me, and 1 will r& 
linquiſn my preſent faith, dear "av" i 10 00 | 
me, and join them in expoſing it. 


5 * 


whole faith, fricty ſpraking, is more agree 
able to preſent appearances. © Whatever we | 
attention to it, we'equally believe zn be um. 
formiry. of rhe laws of naturt; and that man, 
whoſe eonſtitution is a patt 1 
nature, "was che "ſame lind ef being two 
thouſand years ago that he is how; as rich 
as Hat a horſe of that age, or an duk tice of 
chat age, had the ſame properties with the 
Horſes and "oaks of the preſent. Conſe- 
quently, whatever was poſſible with reſpec 
to man in any rape Ina n pe 
bbs HOW. 2 * 0 1301 11 t 52 
10 as di 1 

But will atop in ay FOR 
attention to the ſubject, ſay that it is even 
pafibls that ſeveral thouſand perſons, mn 
un or Paris, could be make to beliere 
1 
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_ e died and 
# rough 1 life; without chewing + ny lign/of 
W infanity, that they ſhould gain numerous 
W proſelytes to their opinion, though it ſub- 
jectod all who embraced it to all Kinds 'of 
perſecution, and even to death and that che 
belief of it hould eftabliſh itſelf againſt a 


oppoſition, without —_ Nr INTE 
1 


"Now I apprehend chat this might take 
place more eaſily in London, or in Patis, at 
this day, than it could have done at Jeruſalem 
in the time of our Saviour. Human nature 
could not have been-the ſame thing then that 
we find it to be at preſent, if mankind could 
have been ſo impoſed upon, This I therefore 
= think abſolutely incredible, and conſequent= p 
W ty, as the leſs difficulty of the two, as be- 
W living a thing much lefs improbable, 1 
admit the truth of the goſpel hiſtory, the 
W admiſſion of which makes the ſubſequent. 
account of the propagation of chriſtianity | 
__ (which 


Iu 4wbich; all; hiftory,:.. and even the 
ſtate of things proves toi be true) perfectly 


** 1E PRE r x. 


preſent, 


i eaſy and natural. Admitting, theſe .leading, 

facts, all the xeſt, follows of courſe, and. all, 
things.came. to be as they are without any; 
farther; miracle, nt rea Miracles we muſt, 


| have:(ameythere, in order to ad 


preſent ſtate ot things And if ve muſt : 8d 
mit miragles, jet them be ſuch 3s axe 
| rh: and not ſ 


all, but only ſerve to Pede Ade 0 


| | +1 Thgchiſtory. of tho Je ewe, and dhe boch of | 


5 dhe. | clap, Furpiſ 


fats 
oh Jars, 


%. 


datum Seeker abe Ar Wine 


_ conſtituted. 48 other, men are, .and let him | 


not deceive himſelf, by conlidering, them. As 
beings of ,another, {pecigs,,, All 1 wiſh in 


his geſpeck is, that perſops who, pretend, t 


9 2 R blgſepbef Fug be. ie 
t. d, Sky the, lame, ſpirit, into 


| 5 d l 9 Hiſt A and of, human Dube, : 
| Naw) 1-0 that 


uch e 


ors | 
vine, 0rigin, 'of 0 Wy rel 2 0 San, Fehlen 
Lek theiphiloopher only. ad e 28,8. Helke 
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that they do into their laboratories z firſt - 
_ aſſuring. themſelves, | with reſpect to faftr, 
and then explaining thoſe facts by re- 
| ducing them to general principles 2 
from the uniformity of nature, muſt be uni 
verſally true) and then I ſhall have no 
doubt of their becoming as firm believers in 
chriſtianity as myſelf. They will find no 
other hypotheſis, that can explain ſuch ap- 
pearances as they cannot deny to be real, 
Leet philoſophers now lay, whether there be | 


ns ify 


reaſon f in this, or . , Wy as 


L - 
A #44 s 1 


+ FI 


1 therefore take the liberty, having been | 
led to advance thus much, to addreſs my 
brother philoſophers | on a ſubje&t 7 
intereſting to us as philoſophers, and as men. 
Do not diſregard a queſtion of infinite mo 5 3 
ment. Give it that degree of attention . : 
to which it is naturally intitled; and © 
eſpecially do not ſo far abandon , the ſe- 
rious character of Pbilgſopbert, as to laugh 
where you ought to reaſon. At leaſt, do Fe 
this great ſubject, 00 n the Totes 


— 12 12 n 


Vox. III. e 'M 


En i e 

to conſi der the fact, and endeavour to frame 
"ſome. hypothefis by which to account for 
them; and do not decide in half an hour, on 


an inquiry \ which well deſerves the Rudy « of 
A great part of your lives. 12 8 


"If 1 have a | ſronger bias than maby other 


"perſons 3 in favour of. chriſtianity, it is that 
which philoſophy gives me, I view with 

rapture the glorious face of nature, and I 
"admire its wonderful conſtitution, the laws 
of which are daily unfolding themſelves to 
our. view. It is but little that the life of 
man permits us to ſee at preſent, and there- 
fore I feel a moſt eager deſire to renew, my 
"acquaintance with it hereafter, and to re- 
: ſume thoſe inquiries with which * am fo 
much delighted now, and which muſt be 
e by e 1221555 ie 


* 184 


Could T; imagine tile U the Viowladge' of 
nature would ever be exhauſted, and that 


We were approaching to a termination of our 
Inquiries, I could more contentedly ſhut my 


* eyes 


THE PREFACE „ 
eyes on a ſcene in which nothing more was 
to be ſeen, or done. But to quit the ſtage at 
preſent (and 1 believe the aſpect of things 


will be exactly ſimilar in any future period 
of our, exiſtence) without the hope of re-yiſit- 
ing it, would. ill me With the deepeſt regret, 
The General who, like Epaminondas, or 
Wolfe, dies in the arms of victory, dies with 

-latigfaftign ;, but not ſo he that is cut off i in 
the beginning of a doubtful, though pro- 
mißng engagement. Thus 1 feel on the 
idea of ceaſing. to "breathe, when 1 have 


but juſt, begs. hs e it is et 
1 breathe. 


ris; 3 7 5 1 Jr. 9 * IE 


"x 8 2 %s late 177 in, and 
| 1 the bounds 1 the ſolar ſyſtem, the 
4 Sant irn that he has vpn, us. of, the ar- 


4 


El thoſe. of the, immenſe Giterns . into which 
they are formed, are peculiarly calculated. to 
- inſpire an ardent defire of ſeeing ſo great a 
ſcene a little more unfolded. Such diſco- 
- veries. as theſe, give us A 2 higher idea of the 
wle ef our being, by raiſing our ideas of the 

. . 
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Fyſtem of which we ate a part, and, with 
this, a an ee with” "for the —— 


1 i 


9 7 * - 
* . . 
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et, bi | wit felis Kirk fv Wan 7; 
the world itſeif is but very im 

Known to the civilized inhabitants of it, and 
we are but little acquainted with che renal 
value of thoſe few of its productions of 
which we have ſome knowledge, and which 
we ate only beginning to name, and to ar- 
range. Hou muüſt a citizen of the world 
'wiſh'to know the future progreſs of i it. | 8 


n 


10 uy no wiſh of this kind: 3 
argues a low, an ignoble, and I will ſay, an 
unphiloſop hical mind. 1 conſider all ſuch 
perſons, how ſuperior ſoever they may be to 
"myſelf ! in other reſpects, with pity and con- 
cern. They would have unſpeakably more 


ſatisfaction in their philoſophical purſuits, 
if they carried them on with the views of 


"things that I have. It has been juſtly ob- 
ſerved, that great views indicate, and indeed 
"IRE, great minds. What elevation of 

mind, 


ſee more particularly i in what manner chriſtianity « came 


proved that the primitive chriſtian Nen was ung 
ably unitariag. '' 21har e ee 277 


THE PREFACE wi 
mind, then, would the proſpects of hs 
chriſtian, add to thoſe of the ö 


Wich men of refleion this apology, 4 
my conduct will, I doubt not, be admitted 


e and till 1 heat better reaſons 


than have yet been offered to me for chang- 
ing my conduct, I ſhall continde to give m 
attention to my different purſuits;: according 
thi * Ree . of: ou. e . 


5 god: 
2 philoſophical kinds den be intuced, 
by what I have here urged, to look into my theological 
writings, I would take the liberty to recommend to them 


my eee to a Philoſophical Unbeliever, the Inſtitutes of 


natural and revealed Religion, and the Hiſtory of rhe Cor- 
ruptions of Chriſtianity, elgegially the Conclu/ion, pared, „ 
relating to Mr. GBO, Who has declined engaging. i in 
the dilcuffon I there propoſed to him, If they wiſh to 


be enciimbeted with the doftripe of the yrinig which hes 
been the foundation ef one of the greateſt obj6Aipng tai it, 


I would further refer chem to my Hillary of early, apinions 


concerning riß. Where they will ſee. it traced to its pro- 
per ſource in the Platonic philoſophy, and dere 5 . 


Ay 
1. 


| ponanor 
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portance 3 ; ind t my friends have ho reaſo Py f 60 
fear that I ſhall negle& Phil oſophy. © It has, 
perhaps, but too ſtrong charms for me, 1 
ſhall endeayour, howeyer, to keep, it in its 
proper place, and” bat 0 much attach m my 
ſelf to the ſtudy of the laws Which govern 
this world, as to loſe fi ght of the ſubſerviency 
of this world, and of all things” in it, to 
| another and a better; in which 1 hope t to re- 
ſume theſe pleafing philoſophical purſuits, 
and to ſee, ina comprehenſive view, thoſe 
detached diſcoveries Web * are now 
| _n here. M 94 nod als bt lun I ages 

At pen all our ir ſy ems are in a eine 
able manner unhinged by the diſcovery of a 
multiplicity of Ja, to which it appears 
difficult, or impoſſible, to adjuſt, them, We 
need not, however, give ourſelves much 
concern on this account. For When a ſuf- 
ficient number of new 7 facts ſhall be diſco- 
vered (towards which even imperfe& hypo- 
theſes will contribute) a more general theory 
will ſoon preſent itſelf ; and perhaps to 


; My 


% 
LEE! 
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the moſt incurious and leaſt ſagacious eye. 
Thus, when able nayigators have, with great 
labour and judgment, ſteered towards an ui 


diſcovered country, a common ſallor, . : 


at the. maſt head, may happen to get the, 
firſt ſight of the land. Let us not, howeyver,; 
contend about. merit, but. let us all — . 
tent on forwarding the common enterprize, 


and equally enjc 


towards ſucceeding .; in it; 1 aboye all, 

let us acknowledge the. guidance. .of th N: 2 

Great Being, who has put a ſpirit in nan, and 
whoſe inſpiration giveth him undenſlanding. 


In this volume I have continued to ex prefs 
the degree of purity in air as in the former; 


ſaying, for inſtance, that air is of the ſtandard 


of 1.2 or 1.4, when one meaſure of the air 
to be examined, and one of nitrous air, pre- 


ſently after being mixed together, occupy 


the ſpace of one meaſure, and two, or four- 


b4 tenths 


, 
XX1UL, 


= THE PREFACE. 
tenths of a meaſure. Rut if the air be called 
depblogifticated,/ it is always to be under- 


ſtood that ro equal meafures of nitrous air 
were uſed. The weights mentioned in this 


volume a ounces and grains, the ounces 


being Engliſh troy weight, containing 480 
grains. 1 have dropped the uſe of the 
feriny-weight (di.) which is twenty-four 
grains, ona 

conſequence of finding that it vecaſioned 
(as icy to e.. 
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"ls: 1. 3 * 5 pere * which 
tha principal experiments relating to the ſeem- 
ing converſion of water into air were made. It 
conſiſts of an earthen veſſel, the bulb of which, con- 
taining moiſtened clay, is fixed in the inſide of s 
glaſs veſſel, through which the heat of a burning 
lens may be thrown upon it ; while the inſide has 
a communication with a baſon of water,,or mer- 
cury, in which veſſels may be placed to receive 
the air that is forged through the body of the 
carthen veſſel ; while the water, or 1 2 in the 
baſon in which the glaſs veſſel fands, rife & Fiſh 
it, to ſupply the place of that ait. ; 

Fig. II. Shews the diſpoſition of the apparatus 
by which ſteam is tranſmitted through a red-hot 
tube, containing iron, &c. with a worm tub to col- 
le& the ſuperfluous water, &c. and a vellel to 
receive the air that is produced. This vellel i is 
here draun very ſmall, that it might not take up 
much room in the plate ; but 1 have generally 
uſed a large trough for this purpoſe, and jars of 
conſiderable ſize to receive the air. Inſtead of 

| 1 — 5 


XXV1 e — &c. 
the mall furnace to heat the water, &c. I now 
uſe one of Mr. Argand's lamps, which is, on ſeve- 
ral accounts a very valuable addition to a che- 
mical apparatus. Fig, VI. repreſents the method 
of receiving the air in this proceſs under a funnel, 
fixed in a trough of water, which may be uſed 
when large balloons are filled, and when no ac- 
count is taken of ny” water that is condenſed 
in the proceſs. : , Jo noh une gn 
Fig. III. repreſents the contrivanee, men- 
tioned page 135, by means '6f which' all the air 
that was driven out of 4 veſfel, by pouring 
mercury into it, was obliged to paſs through a 
thin glaſs veſſel, in which it might” depofit the 
moiſture, &c. it contained. e TU C714 
Fig. IV. repreſents a large glifs balloon, in 
which inflammable air, iſſuing from the ofifice 
of a ſmall tube, burns like-a candle, -while the 
water produced by the procebs 1 Is FO) in the 
h inſide 3 
Fig. V. repreſents a ſtrong G dre gan | 
veſſel, in which inflammable and dephlogiſti= 
cated air may be fired. It is furniſhed with 4 
wooden cap, firmly cemented to the open end of 
it, and cloſed with a ſcrew, and two iron wires 
are inſerted at the top of i it, arenen which: -an 
electric ſpark can me . Fee nn een 
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none, dat lese r eee 
to chemiſts,” than that of ph n, 


"ob 


or, as it is ſometimes called, be ne , 

© inflammability. It was the great diſcovery of 
 $8TAYL, that this principle, whatever it be, 
is transferable from one ſubſtance to another, 
how different ſoevet in their other properties, 
ſuch as ſulphur; wood, andall the metals, and 


* 


therefore is the ſame in in them all. Bur 


„des is copiet hom the "MG Tone, 
ons vol. Ixxili. p. 399, with the addition of ſome notes, 
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2 Experiment relating © "Me. ; 
what has given an air of myſtery to this 
ſubject, chas been that, ĩt was) impgined;] that 


this principle, or ſubſtance, could not be 


exhibited encept in combination with other 5 
ſubſtances, and could not be made to aſſume 


ſepatately either a fluid on ſolid {formy lt 


was alſo aſſerted by ſome, that phlogiſton 
ws ſo. far from adding to the weight of bo- 
dies, that the addition of it made them 
really lighter than they were before; on 
which account they choſe to call it r 


principle g levity. This opinion had great 


patitims ih e How en nwo „m enn 


Of late t has been the opinion of many 
celebrated chemiſts, Mr. LAVOI EN among 
others; that tho hole doctrine of phlogiſton 
had been founded on miſtalæe, and that in all 
caſes dn which it was thought that bodies 
parted with the principle of, phlogiſton, 


they in fact loſt nothing, hut on the ęonttary 


acquired ſomething and in moſt caſes, an 
addition. of. ſome kind of air that a 2 5 
ſor inſtance, was not a combination f ²π , 
things, (wiz. an tarth. and pblogiſion, eee 
probably, a OY E ils mage 


8 "; hy 
A the calx is produced not by 
2 loſs of phlogiſton, or of any ee 

but by the acquiſition of air. WW 


R 


The arguments in favour of alecatnitts 


— 


mercury, are ſo ſpecious, that I on I was 


myſelf much inclined to adopt it. My 


friend Mr. KInw Ax, indeed, always held 
that phlogiſton was the ſame thing with in- 
flammable air; and he has ſufficiently proved 
this from many experiments and obſerva- 


tions, my own, as well as thoſe of others, 


I did not, however, accede to ãt till I diſto- 
vered it by ditect experiments made with, 

general and indeterininate views, in order 
do aſcertain ſomething concerning a ſub- 
ject which had given myſelf and ochers 
much ttenble? „ e ts 1 227 bee 


I began with repeating che erperiments in 


made red-hot in flint glaſs —— 
as black tinge, and 
abſorbed, which I had Saane 40 be 
N the calx of lead in tlie glaſe, at- 
. B 2 "2 tracting 


experiments that Mr. LAvolsiER made on 


kN 


x 


3 


4 | Experiments relating 
—_ phlogiſton | from the: iriflammable 
As the quantity of air in theſe tubes 
| w_ very ſmall, though I gave it as my opi- 
nion, that the reſiduum in one of the pro- 
ceſſes, was phlogiſticated air becauſe L per- 
ceived no marks of accenſion on preſenting 
to it the flame of a ſmall candle; I was not, 
riment with Ene Care, LAT in one 
of the above-mentioned experiments, J found 
only a very ſmall bubble of the inſammable 
air in the tube in which it had been heatetl. 
L found; however, great difficulty in»re» 
peating theſe experiments ; and the quantity 
of inſlammable air operated upon in them, 
is neceſſarily ſo ſmall, that the reſult is als; 
ways / liable to much uncertainty. I thought, 
therefore, that throwing the focus bf a burn · 
ing lens upon f a quantity of pouaded flint 
glaſs, ſurrounded with inſlammuable ait, or 
rather on the calx of, lend alone, in the ſame 
eircumſtances, would he a much eaſiet :e · 
periment, and might bring me nearet to my 
object And n experiment it 


SHOT, 42 8 2 imme 
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. ee few beptcd en 

pectatiandi noni r pet aft +. | 
For this purpoſe; I put uptin a piere 5 
broken orucible (Nhich could yield no mir) 
a quantity of minium, out of hich / all air 
had: been extracted; and placing it upon 
convenient ſtand, introduced it into 4 large W 
receiver, filled with inflammable air, cn 
fined by water. As ſoon as the minium was 
dry, by means of the heat thrown um it 
obſerved that it became black; and then ran 
in the form of perfec lead; at che fame: tino 
that» the air diminiſhed at a great rute g the 
water aſeending within tho receiver. h Hd 
diane the moſt eagor and pienſimg 
expectation f the teſult having that 
time no fixed opinion d we ſubiet - und 
therefore I could not tell) 2except-byuacuat _ 
trial whether tlie alr us decumpoſing im tie 
proceſs ſo that forme other lind of air would = 
be left; ot vhether it wolli be abſorbed nt 
toro. The former bthought the more = 
bable) ds, H there was any ſuek thing as 
phtogiſton; inflatable air, Firhagintdzcons; | 
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ade ae und (merhing'els. Howes :, 


J 


« 
L 


1 power to determine, in a very ſatisfactory 


6 _ Exporients geluting 


I was then ſatisfied that it would be in my 


manner, whether the phlogiſton in inflam- 
mable air had any 64ſe or not, and if it had, 
what that baſe was. For ſeeing the metal to 
be actually revived, and that in a conſiderable 
quantity, at the ſame time that the air was 


diminiſhed; I could not doubt, but that the 


ealx was actually imbibing ſomething from 
the air; and from its effects in making the 
calx into metal, it could be no other than 
that to which chemiſts had W 
et 19g AH ee 1 at 
Before this firſt experiment e e 
nn that if the phlogiſton in inflam 
mable air had any baſe; it muſt; be very in- 
conſiderable: for the proceſs went on till 
chere was no more room to operate without 
endangering the receiver; and examining, 
with much anxiety, the ait that remained, I 
found that it could not be diſtinguiſhed from 


that in which I began the experiment, which 


was air extracted from iron by oil of vitriol, 
I was, therefore, pretty well ſatisfied that 


fs inflgaraable air could not contain any 


64S 
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I ireduced about 45 ounce. meaſures; of the, 
air to five. onA rin teren tin , 
ln order to aſcertain a fact of ſo much im 
portance with the greateſt-care;iJjaftemwards 
carefully expelled: from a quantity of minium 
all the phlogiſton, and every thing elſe that 
could have aſſumed the form of airi hy giving 
it a red heat when mixed with ſpirit of nitre: 
and immediately uſing it in the manner men- 
tioned above, I reduced 101 unde meaſures 
of inflammable air to 0. To judge of its 
degree of inflammability, I preſented the 
flame of a ſmall candle to the mouth of a 
phial filled with it. and obſerved, that ĩt made 
chirteen -ſeparate exploſions, though Weak 
ones (ſtopping the mouth of the phial with 
my finger after each exploſian) when traſh, 
made inflammable air, in the ſame cir- 

cumſtances, made only fourteen | explbſions, 
though ſtronger ones. 15 „ 1 reels birt? * 

Alfter this 'experirtient I could not heſitate 
to conclude v, chat this inflammable air went 


180; oni er” Jong * „tg wel. ve 3 
In this Nr gs overlooked ,one obvious confi- 
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bent viz. that water, or any t g ſoluble in in water, 


g $5. | might 


* 


be ſo deciſtvely clear in favour of it: for, in 
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We Experiments. relating | 
_ totally, and without decomnpok clony-ino the 


neceſſary circumſtances of the . be 


conſidered, it will pe thought extraordinary 
that; even admitting this, the reſult ſhould 


to expel all air from the minium, and it muſt 
de uſed before it can have attracted any from 
the atmoſphere; and in the next place, the 


water alſo"(a/confiderable quantity of which 


muſt be uſed;”and which withalfo be heated 


in the proceſs) mould be made as free from 


air as poſſible. ' In theſe eircumſtances, had 
T fbund the ſmall reſiduum, of two ounce 
meaſures. from roi, to have been phlogiſti- 

ceuated or fixed air, I ſhould not have been diſ. 
appointed and it would not have ptovented 
my coneluding that phlogi hon was the fame 
thing with” nab air, contained in a 


FF 101 
might be che bai of indacymable ai. All that could be 
abſolutely inferred from. the experiment was, that this 
daſis could not be any ching that was capable of fbfiſting 
in the form of air. it will be ſeen, that L aſtörw rde 
8 air confined by meirury. 


a combined 


| otic 6 
contained in chalk und other calcareous Cabs 
ſtances ; both being equally. ann a 
expelled again in the: form of air. 
Afterwards uſing-4;calx of lead, which had ? 
been in the ſame manner with the 
former, but which had remained ſome werks 
expoſed to the airs: I found, that when, by 
uſing it I had reduced ʒo ounce meaſures of 
inflammable air to 10, khis reſidunm was 
phlogiſticated air. But examining this gal 
ſeparately, I found that it gave, hy heat in 
glaſs veſſel, ade quantity of -phlo- 
ram FCC 
_— muſt Sa den the-aminiuey ſhould | 
not be reduced to a perfectly compact gi 
kad ; for then it would be tog gefractory io 
be eafily revived by, this proceſs, Making 
uſe of ſome of it) found, that I could only 
melt it; but that a copious black fame: came 
from it, and coated the infide of the receiver: 
an experiment which I ſhall repeat and re- 
conſider. I muſt alſo obſerve, that the lead 
which 1 procured. in the above above-mentioned 
L was not. e from any 
other 


10 Experiments velating 
other lead} and that the inflammable air was 
all procured from iron by oil of vitriol. 
Wben I made uſe of inflammable air from 
wind J found, that though I was able to re- 
duce minium with it, it was effected with 
more time and difficulty. Forty ounce mea- 
ſures of this kind of inflammable air I re- 
duced to 253 after which I found that the 
heat of the lens produced only g/aſs of lead, 
and no metal. The air was ſtill, however, 
inflammable; and there was a ſmall mixture 
of fixed air in it. This kind of inflamma- 
ble air, which burns with a lambent flame, | 
L have:ſome reaſon to think, conſiſts of an 
intimate union of fixed air with that which is 
of the explgſiue kind extracted from metals. 
The reſult of thoſe experiments which IL made 
with that kind of inflammable air which is 
collected in the proceſs for making phoſpho - 
rus, and which burns with a lambent yellow | 


flame, was ſimilar to thoſe which I made with 


inflammable air from wood, Nene 
with a lambent white flamme. 
Having had this pt reſult with 
inflammable air, I immediately tried all the 
other 


i 


10 Pligg 11 
other kinds of air in the ſame manner; but 
in none of them did Loprocure any thing 
from the minium beſides glaſs of lead, except 
in alkaline air, and vitriolic acid air. In 
rine acid air, fluor acid airꝭ as alſo in com- 
mon and dephlogiſticated air, I got no mal 
at all. In vitriolic-acid air there was. but a 
ſmall quantity of lead produced, and I have 
obſerved that this kind of air imparts.a certain 
portion of phlogiſton to common air, ender- 
ing it in ſome meaſure phlogiſticated, though 
by no means in ſo great a degree as nitrous air. 
Though nitrous air and phlogiſticated 
air certainly contain phlogiſton, they ap- 
pear by theſe experiments to hold it too ob- 
ſtinately to part with it to minium in this 
proceſs,” notwithſtanding nitrous air quits 
it. ſo readily: to reſpirable air. I would ob- 
ſerve, that there were ſome peculiar appear - 
ances in the experiments IL made to revive. 
the calx of lead in theſe kinds of air in 
which; the attempt did not ſucceed; but 1 


muſt a eee the 
| 11 1 5 „ { 4165 #1 — 5 
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a Experiments relating 
appearances, mote accurately. esl 
port them. 5 05 1 e Ag Fegg. 
5 . air lead ſeems to be formed 
from a AGE readily. as in inner. 
Fig this is 4. remarkable. confirmation 
and illuſtration of thoſe, experiments, in 
which, by taking the electric ſpark in a 
| quantity of alkaline air, J,cqnperted, is n 
- three times as much pure inflan | 
an experiment which, on account of the exo | 


traor rdinary, | nature . of it, L h have repeated. 


many times fince I firſt publiſhed the account 
of i it, and always with the fame reſult,” 1 


JO. 2911 


This experiment alſo throws Ame li 


upon thoſe in which, by rape pope: | 


iron with nitrous air, I uced a 
ſtrong ſmell of volatile alkali 7 an apr 


ment Which 1 have alſo frequently repea 
with the fime reſult. The reviving 971 roy 


* 


* 


in Alkaline air may alto help — to ele | 


ho all acids ſhould Rave an affinity both'ts 


to app 
1812 
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pölziſon and te alkulies, "rien hither 
46 be things 10 iy different | 


ids 713100 2B 1 K | om © | 


: 
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from each other ;/finee; *fronthele"experic 
ments, it is probable that one oft hem 18 
lone tnodificatich of the öther; ora com- 
bination of ſomething elle wirkt hie other. 
To trace the connexion betwoell the Alka 
line and inflammable principles, is: a cürious 
ſubject; and from theſe Hints it may, per- 
haps, not be very difficult to ego it to 
advantage: It is evident, 10 ẽWever, from ts 
following experiments, that "alkaline air fs 
the benen, and inflam mable air, or 
pht6gittdn, the more 2 55 ic ſubſtance of 
a, 2 1 bel. dug 1147 Wut 76 N V. 15 my 
nog tb 632 91} DL i OAK 38 + 


2 ounce meaſures of Alkaline air 


of ales 3 


means E lithar 7 „ 1 of 


C1 mea 17 Li It! 


121 ln ſome that was dis oly n the 
i e 1 ns TY if 


mercury, by which the air was; confine 


There w 2 K ounce meaſures, "which: 


appeared Wh e be phlogiſticatad; air, and to haze 

no hixed air in it. At another time, in eight 
ounce m ſures of alkaline air I got 15 grains 
of lea ad, beides what Was diſſolyed in the 
mercury, which ſeemed to be a good deal i in 
proportion to it. It was: obſervable, that 


there remained i in this proceſs 3 ounce mea- 
LD YRS. Ix 1 


£ 
N . 
o 
5 


0 
j 


1 pack good deal of pretty pure fixed air: Theſe 
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ſures of phlogiſtica ted air, without any mix - 
tute of fixed air in it, though the maſſicot 
which I uſed at this time gave by heat only 


experiments with alkaline air well deſerve to 
be reſumed, and I ſhall not fail to dot at a 
proper opportunity 10e, wo to eee 
Having thus produced ou in inſſamma· 
ble air, 1 proceeded in my attempts to re. 
vive other metals from their calces bythe 
ſame means; and I' ſucceeded very well with 
tin, biſmuch, and filver; tolerably well with 
copper; iron, and regulus of cobalt; but not 
at all with regulus of antimony; lan f 
arſenic, zinc, of the metal of manganeſo 
I Was deſirous alſo of aſcertaining by this 
means the 'guartity of phlogiſton that enters 
into the conmipoſition of the ſeveral metals; 
but in this I found more difficulty” than I 
had expected; and this aroſe chiefſy from the 
allowance that was to be made for the in- 
flammable air which entered into that part 
of the calx which was only partially revived; 
and it was not eaſy to revive the whole of 
any quantity of calx completeljx. 


After 


10 Phlogiftane 1 
After many trials, I. e eee 
| 1, Hen that an ounce of lead abſorbs 100 
_ mene rem ben ieh it 
ſeemed to have imbihed in the proportion of 
108 ounce: WR TEIN Bo bfr 88884 73 
An ounce of Tin abſorbs inflammable air 
in the proportion of 3/77 ounce meaſures to the 
c ounce. An ounce of copper from verditer 


abſorbed 403 ounce meaſures j from a ſolu 


tion of blue vitriol, preci pitated by ſalt of 
tartar} and afterwiards made red-hot with ſpirit 
of nitre, 640 but from blue vitriol itſelf 
og qunce meaſures... In this caſe; however, 
much of the inflammable air went to the 
ö formation of the vitriolic acid air, the ſmell 
of which! was · very perceivable in the courſe 
of the experiment. The copper that I made 
in this way was brittle, and therefore ſeemed = 
not to be perfectly metaliaed; but being 
fuzed with borax, it became perfect .cop- 
per, and, as I think, without: any loſs of 
weight. ann ae T ee, n . 
Biſinut h "bforbed e SF Rat hb pro- 
portion of 185 ounce: meaſures. to the ounce, 
Beek» a e The 
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ſolution of this metal in ſpirit of nitre. 
Tron | got from a precipitate of a ſolution 
of green vitriol by ſalt of tartar, moiſtened 
wich ſpirit of nitre, and expoſed to a red 
heat. This. calx abſorbed in the proportion 
of 890 ounce meaſures of the inflammable 

| air to an ounce of iron, which was in the 
form of a black powder; but to all ap- 


— - * _ a 


J 
_— 
| | 
| . FS 
? 
of , 
5 
« 


re Feeney it 


- 


. | 
The calx I uſed vs a precipitate from the 


; 


pearance as much attracted by the magnet 


as jfon filings,” But it covld-not be ex- 
pected, that perfect iron, containing its full | 
reer coy ſhould be produced 


in this manner, ſince inflammable air may 


be expelled from bene 1 in this _ 
pProceſt ®, | 


Silver I evidently rings FO: a ſolution 


of it in ſpirit of nitre precipitated by ſalt of 
of "tartar, and alſo from luna cornea... A 


quantity of this laſt ſubſtance abſorbed 24 
ounce meaſures of inflammable airs buy. 


* I * fincs waar that 4 air cannot - 7 
expelled from iron by heat, without ſome moiſture, which 
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could not gt ey calx of tilver free fh 
dall grain of the perfect metal, ju rg 
eaſily diſcovered by a magnifier and! 

fore I could not aſcertain e | 
flaguamable air abſorbed by it. 

Small. grains; of. regulus. of chat 1! al 
duced; fam zaffre,  and:, inflanamable, +4 
was: abſorbed ; 1 wk I. fd, pak eſtimate * 
quantity. N. 1 . 7b: da kite! 

A quantity of mangangh ablarbed 7 uneçe 
meaſures of inflammable air; hut 1 gould 
not. perœeiug any thing in it hich had. th 
appearang of metal, But I imagined Lhd. . 
nog, heat engugh, forthe purpoſe, And mixing 
with it ſome calgined, hoax, 1, repeated, the, - 
experiment, when there was again an evident 
Wau of, Kis, and in re ufd of thet 
feet 1100 NE 1 840 chat ee, 


cn * obu bule of m 7 biel; 80 

Zinc and arſe rſente,.. were opl y- tubli med. in 
this procels. | Th e ſame. was the caſe wich 4 
the glaſs" of antimony ; but the experiment 
was, attended with this peculiar circum. 
ſtance,, that when, the meme 
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| like cryſtals arranged in a-very curious man- 
f ner; and I could not produce er Gn N 
in other kinds of air. 5 

Inflammable air being e imbibed by 

the calces of metals, and thereby reviving 

them, is a ſufficient proof of its containing 

What has been called phlogiſton; and its 

being abſorbed by them in toto, without de- 

compoſition, 1s a proof of its being nothing 

beſides: phlogifton in the form of air, unleſs 

there ſhould be ſomething ſolid depoſited 

from it at the ſame time that the proper 
phlogiſtic part of it is abſorbed- With 

reſpect to this, I can only ſay that, in the 

courſe of the experiments, I did not perceive 

any thing of the kind: for though in ſome 

of the proceſſes there was a black ſmoke pro- 

duced, in others I could perceive nothing but 

part of the calx ſubliming, and clouding the 

glaſs. On this account, however, I could 

not pretend to aſeertain the weight of the in- 

flammable air in the calx, ſo as to prove that 

it had acquired an addition of weight by be- 

ing metalized, which I often attempted. 

1 were it 855 to — A1 5 calx, 
no 


n 
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no en of which thould be ſublimed and 
diſperſed, by the heat neceſfary to be made 
uſe of in'the proceſs, I ſhould not doubt but 
that the quantity of inflammable air imbibed 
by it would ſufficiently add to its weight. 
. * Beſides the formation of metals from their 
calces, I had other proofs, and of a nature 
ſufficiently curious, of inflammable air con- 
taining phlogiſton, though perhaps not ſuf- 
fieiently coneluſive with reſpect to its being 
wholly and fimply phlogiſton itſelf. Thus, 
by means of it, I was able to make pho/Þho- 
rus, nitrous air, liver of fulpbur, and ſulpbur 
itſelf, in all of which phlogiſton is goltnoW= 
ledged to be a principal ingredient. 
Throwing the focus of the lens upon a 
ee, that glaſſy matter which is made 
from calcined bones by oil of vitriol in in- 
flammable air, ſome of it was abſorbed, and 
all the inſide of the receiver was covered with 
an orange - coloured ſubſtance, which had a 
ſtrong ſmell of phoſphorus. I then wanted 
ſun · ſhnine to continue the experiment; but 
I was ſatisfied that there was ſufficient proof 
of IR being actually formed in this 


957 a ) | Cc 3 manner. 


af 
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manner. With alkaline air I ſucoqeded 
much better. | 

In 21 ounce meaGares of this air, od. 
8 the glaſſy matter mentioned above, two 
grains of phoſphorus in one maſs,/ the veſſel 
being only filled with white fumes during 
the proceſs. One: fourth of the bulk of the 
air remained, and this was inflammable, 
burning with a yellow lambent flame, exactly 
like that which is produced in Sy 19 0 8 
for making phoſphorus. * fins vio) 

That nitrous air contains. ohlogiſion 4 48 aß. 
kcendly- evident; if there be any ſuch thing 
as phlogiſton: and I have farther proved, 


that it contains as much phlogiſton, 1n-pro» | 
portion to its bulk, as inflammable air itſelf. 


I have now, however, the farther ſatisfaction 
to be able to make nitrous air from its two 
conſtituent principles, vig. nitrous vapour 
and inflammable air. The moſt eaſy pro- 
ceſs for this purpoſe is, to throw a ſtream of 

nitrous vapour into a large phial previouſly 
filled with inflammable air. In this manner ni · 
trous air is inſtantly formed, and in great quan» 


tities; but as this nitrous vapour is produced 
: 5 5 b . 
3 e 


* 
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10 Phlogifton,, - 2 
by the rapid ſolution of biſmuth in ſpirit of 
nitre, which at the ſame time produces a 
quantity of nitrous air, the experiment is 
not quite unexceptionable. I therefore at- 
tempted the "ama Og in a eee 
manner. Kone Ty 

Taking a quantity of whit 1 here called 
a nitrated cal of lead, which I firſt produced 
by uniting nitrous vapour to minium (in 
conſequence of which, from being a red and 
powdery ſubſtance, it becomes white, com- 
pact, and brittle) I placed it upon à ſtand, 
in a receiver filled with inflammable air, and 
throwing the focus of the lens upon it, there 
was a diminution of the inflammable air, 
which amounted to about two=thirds of the 
Whole, and during this time lead was re- 
vived from the calx. After this there was 
no more diminution of the air, or revival of 
the calx: and then examining what remained 
of the air, 1 found it to be all ſtrongly ni- 
trous: and, from the cifcumſtances in which 
it was produced, it muſt have been formed 
from the nitrous vapour contained in the 
calx, and the inflammable air in the receiver. . 
E 3 Inn 
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In order to aſcertain the purity of this nitrous 
air, I mixed it with an equal quantity of 
common air, and found that they occupied 
the ſpace of 1,32 meaſures. . Freſh nitrous 
air made in the uſual way, and mixed with 
common air in the ſame proportion, occupied. 
the ſpace of 1,26. This difference aroſe not 
from any impurity in the nitrous air, but 
from the mixture of the dephlogiſticated air; 
which is alſo expelled from this calx by heat. 
Liver of ſulphur was procured by. throw- 
ing the focus of the lens upon vitriolated 
tartar in inflammable air, and it Mk to 
be perfectly well formed. 
Laſtly, to produce ſulphur, 1 threw the 
focus of the lens on a quantity of oil of vi- 
triol, contained in an hollow earthen veſſel, 
and evaporated it to dryneſs in a receiver 
filled with inflammable air; in conſequence of 
Which the inſide of the receiver acquired a 
whitiſh incruſtation, which when warmed 
had a ſtrong ſmell of fulphur ; ; and repeating 
the proceſs in the ſame receiver, 1 was able, 
this ſecond time, to. ſcrape off enough of the 
matter to put on a piece of hot iron, and to 
produce 


with air. But I find that it i 
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| produce the genuine blue flame, as well as. 
the peculiar ſmell of ſulphut. | 

I ſhall conclude theſe obſervations on hs 
giſton with two articles ; one of which ſeems 
to contradict an eſtabliſhed maxim among 
chemiſts ; and the . a former en of 
my own. 

It is generally aid, that 9 is * | 
deſtructible, except by a red heat in contact 


ſtructible, or decompoſed; in pacuo, and, by 
the heat of a burning lens almoſt wholly con- 
verted into inflammable air; ſo that no- 
thing remains beſides an exceell | | 
quantity of white aſhes, which are ſeldom 
_ viſible, except when, in very ſmall particles, 
they happen to croſs the ſun-beam, as they 
fly about within the receiver. It would be 
impoſſible to collect or wich them; but, 
according to appearance, the aſhes thus pro- 
: duced from many pounds of wood, could not 
be ſuppoſed to weigh a grain. The great 
weight of aſhes produced by 'burning wood 
in the open air, ariſes from what is attracted 
by them from the air. The air which I get 
in "_ manner is wholly inflammable, with- 

Te 3 +, | out 


f 
5 


would expel all the fixed air which the wood 


air in twelve minutes”, ; 
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out the leaſt particle of fixed air in it. But, 
in order to this, the charcoal muſt be per- 
fectly well made; or with ſuch a heat as 


contains; and it muſt be continued till it 

yield inflammable air only, which, in an 

1 retort, is ſoon produce. 
Wood, or charcoal, is even pertecly e "ll | 


firuible, that is; reſolvable into inflamma- 


that would about hate iron. I theſe cirs 
cumſtances, after all the fixed air had come 


over, 1 have ſeveral times continued the 3 . 
ceſs during a whole day, in all which time 
Trflammable air has been produced equably, , 


and without any appearance of a termination. 
Nor did 1 wonder at this, after ſeeing it 


_ wholly vaniſh into inflammable air 13 varus. 


A quantity of charcoal made ffom oak, and 
weighing about an ounce, generally gave me 
about five ounce e of Pr 


| *Notwithllanding theſe 2 it ills appear 10 * 
ſubſequent experiments, that water was neceflary to the 
the formation of this ee, air from wood as well . 
o * from iran, | ; 


1 Phe n, + $9 . 
Thee ſecond article that I fhall How mens 
tion, affords an indiſputable proof of the ge F 
neration of fixed air from dephlogiſticated | 
air and phlogiſton, or inflammable air. 1 
have ſeveral times Siren it as my opihion, 
that fixed air is a fhczwiour ſulſlunce, and a 
modification of the nitrous and vitriolie 
acids, my former experiments greatly favours 
ing that concluſion ; but that it was com- 
poſed of dephlogitticatd' air and phlogiſton, 
4 maintained by my friend Mr. Kin- 
WAN, I 
till 1 was forced to conſent to his proof of 
gave him leave to mention it, as he has dont 
in his late excellent paper on falts, But 1 


hau h _— oa ee 
nt. ö 


was far from being ſatisfiecd with, 


The firt was whenl invopeating'd — 1 


ful experiment, firſt made by Dr. Id 7m. 
H0V82; but with ſome variation, I was firing 


ſome ſhavings of iron in dephlogiſticated air 


confined by mercury, by means of a burning 


lens. - In this way I quickly fired the iron, 


and jt burned away in a very pleaſing man- 


g 
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ner. But what ſtruck me moſt was, that, 
of the air that remained, a conſiderable por- 
tion was fixed air, though in the receiver I 


bag. Woking but the mig dephlogilſticated | 


the melted iron formed itſelf into large balls, ; 
eee ether Wa : 


and was no longer iron. 


Afterwards, to put this hypotheſis con- 


cerning the conſtituent principles of fixed air 


to a more direct proof, I mixed iron filings, 


which give only inflammable air, with red 
precipitate, which I found to give nothing 
but the pureſt dephlogiſticate 


T heated them in a coated glaſs retort, they 
gave a great quantity of fixed air, in ſome 
portions of which, nineteen- twentieths were 
abſorbed by lime · water; but the reſiduum was 


_ inflammable. However, when I mixed with _ 
"IP the red ARR a quantity. ; penn . 


was The 1 called 1 or loſs wil 


7 appear in the ſubſequent experiments; being the ſame that 


is called ſcales of i iron, and ue e oy or W 
* iron combined with water. f 
1 | charcoal . 


\ 


10 „ Phlogifions- rg a 
| 23 which I had . 
flammable air, the fixed air produced from it 
was ſo pure, that only one · fortieth part of it 
remained unabſorbed by water; ſo that this 
rally procured from chalk by oil of vitriol. 
It appeared, in ſome of theſe experiments, 
| that three ounce meaſures of dephlogiſticated 

air go into the compoſition of two ounce 


meaſures of fixed air. For one ounce of this 
red precipitate gave 60 ounce meaſures f 


dephlogiſticated air; and when mixed with 
two ounces of iron filings, it gave about 40 
ounce meaſures of fixed air that were actually 
abſorbed by water, beſides a reſiduum that 
was inflammable“ . I had the ſame propor- 
tion when I uſed half an ounce of each of the | 
materials. But when I uſed one ounce of = 
each, I got only 20 ounce meaſures of fixed - 
air, including the refiduum. At other times 


t muſt be bid, we, thr re dt | 
air is always imbibed by the water in which it is firſt re- 
ceived. Otherwiſe, in this experiment, the fixed-air would 
have weighed no more than the dephlogiſticated air in the 
F8ꝙ9 ee Ms a | 
flammable dir. 

; I had 
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_ 'HinWſelf, and on our country. It is only to 
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. I had different proportions with different 
quantities of iron filings and charcoal, 
I cannot conclude theſe obſervations with- 


out taking notice, how vety valuable an in- 


fſſtrument in philoſophy is a good burning 


lens. This muſt have been perceived in 
many of my former experiments, but more 


eſpecially in theſe; By no other means can 


heat be given to ſubſtances in vacuo, or in 


any other kind of air beides atmoſpherical; 


and without fome method of doing this, no 


ſuch experiments as theſe can poſſibly bo 
made. I therefore congratulate all the lovers 


of ſelence on the ſucceſsful attempt of Mr. 


PAREK IR to execute ſo capital an inſtrument 
as he has done of this kind. Such ſpirited 
and generous exertions reſſect honour on 


be wiſhed; that we could have lenſes of 2 


ſmaller ſize (viz; from 12 to 18 inches dia- 


meter) made tolerably cheap, ſo that they 


might be in more common uſe; All my 
o 55 


in diameter. 115 1 21 4 
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NINGE rom perſons: have expreſſad a 


'- wiſh! to be acquainted with the experir 
20 L have lately made, Which at. fart 


ſeemed to favour the idea ef a canuerſn nf 


waler into air, but which terminated in the 
diſcovery of a fact, in my opinion, ſtill more 
extraordinary, I hall ſubmit; to the R 
Society the reſult of the obſervatios 1 have 
already made; though, as yet, I have hy no 
means heen able to ſatisfy myſelf ſo fully as 
I could wiſh with reſpect to ſame particu- 
lars connected with the ſubject. All the 
fact which I ſhall ſtate: may be depended 
wha en is probable; där. * 


„ This facdon 100 ee hes the dee Tra 
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ſons may draw different conclufions from 
them; and to mere ppinions, I have never 
ſhewed myſelf much attached. ; 

- Having formerly obſerved ſeveral 1 
| able changes in fluid ſubſtances, | in conſe- 


quence of long expoſure to heat in- glaſs 
veſſels hermetically ſealed (of which an ac- 


count may be ſeen in the fourth yolume of my 
Philoſophical Obſervations) I then formed 


a deſign of expoſing all kinds of ſolid/ ſub- 
ſtances to great heats, in a ſimilar ſtate of 
conſinement; and for that purpoſe provided 
myſelf with a ca 
cloſe at one end, like a digeſter, and of ſuch 
a length, that one of the ends might be red- 
hot, while the other was ſufficiently cool to 
be handled. To this end there was a cock 
connected to a tube, by means of Which 1 
could let eee eee 


r 


iron veſſel, which I could 


I imagined, has whien ſubſtances, confi 
ing of parts ſo volatile as to fly off before 


: they had attained any conſiderable degree of 


heat, in the uſual preſſure of the atmoſphere, 


greater 


" 
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- preater preſſure, they might aſſume new 
forms, and undergo remarkable changes, ſimi - 


lar to what we may ſuppoſe to be the caſe 


Within the bowels of the earth, where, by 
means of ſubterraneous fires, various ſub- 


ſtances bear great heats N very great 
£ preffures- Oe + 4 - "> 1 p 2 * we 781 DEF 


* have had this inſtrument ſome years; 
1 it was ſo il conſtructed, that 1 could not 
Wake the uſe of it that I had originally in- 
dende. 41 therefore lately fitted up fone 

<barrels in the ſame manner, and made 


4 my: firſt « experiment with lime-Rtone; expect- 
f ing, that when the fixed air, and öther vola- 


tile matters, that might be contained in it; 
| ſhould be compelled to bear a red-heat, with- 
out a poſſibility of making their eſcape, the 
ſubſtance itſelf might undergo ſome change; 
but 1 had no particular expectation concern 
in we the nature of that change. I had, how- 

r, been ſo often favoured with valuable 
Ot from merely putting things i into new 
| fituations, that I'was encduraged to make the 
experiment; but 1 found an unexpected dif- 
Werner in getting a cock that would be air- 


tight 


tight an nth udn, ander Gs greats pre- | 
ure as I wiſhed to app mY 
- 1, was, mentioning - wel ideas to Mr. £ 
Warr, in whoſe neighbourhood I have che 
happineſs, to be ſituated, when he mentioned 
a ſunilar idea of his, viz. that of the poffibi- 
* of the converſion of water, or ſteam, into 
| air; ſaying, that ſome appear- 
ances in the working of his fire-engine had 
led him to expect this. Ie thought that if 
ſteam could, be made: red-hot, o that all its 
latent heat ſhould be converted into ſenfible" 
heat, either this or ſome e would 
probably take place in its conſtitution. "The" 
idea was new. to me, and led me to attend") 
more particularly to my former projects * 0 
fimilar nature, and I began With lime ime-Rojie, 
wiſhing to try the effect of giving a roleat 
to lime, in which water only ſhould be pre 


viouſly combined, thinking it might pollibly 021 
have the fame effe& a making the Wager 
itſelf red-hot, __. | ucts 
Accordingly, I took a ks of well cal= 
cined lime, and mixing with it a little water, 
out 1 which all air had been carefully boiled, 


= I expoſed” 
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Lexpoſed it-gradually: to a ſtrong heat in an. 


earthen retort, fuck as 1 had been uſually 


ſupplied with by Mr. Wizvewood (ho is 


as much diſtinguiſhed by his love and gene- 


rous encouragement of ſcience, as he is by 


not imagining that it could make any dif | 
ference: whether the lime, ſo prepared, ſhould - 


receive its heat in an earthen retort; or in a 


veſſel ot iron or glaſs. ' Proceeding, however, 


in this manner, I found that nothing came 


over in the form of ſtcam, but that there Was 
a great quantity of air, ſeveral hundred times 
more than the bulk of the water, and at that 
time there was in it a conſiderable proportion 


be that which: had not been ſufficiently ex- 


the purer air that was yielded by che water. 
For I own 1 then concluded, that the air 


which I got (and which, when the nacher 


was extracted from it, was ſuch as a e 


would juſt burn in) came from e 41 


e in ſome of the proceſſes, td 
* III. D 


of fixed air, which I imagined might either 


pelled before, or might be compoſed of ſomes ; 


al”: 


„ „Semen e to the 


a3 % COL 


of the air I caug üught was very nearly * ** 


quite equa 5 al 46 that of the Water, And inter- 


| polity a lirge glas Balibo Between! the fe- 

tort and the recip pient for the air l „ I. obſerved 
| that.it remained 6 toe CC = and diy during 
2 the whole pr pro bees; 3 and Ty hours: after- 
i wards the here was, not the leaſt moiſture. con- 
oy EE in it. 1.alſo received a quantity of 


REO 
- tay 17D ther pro 


& 4+ £ 


5 20 Stel aten on, obſerved that, a ter ſeveral 
. 75 t Six depoſited. t the leaſt moiſture; .: 
eg alcined a quantity of natural lime - 


—— lr this glaſs balloon interpoſed in 


1 fe: manner, and found. no water, but 


Ny 0 to come from it, , though. the ſtone is 
ly -Luppoſed | to: contain water. But 


wen hen 1 5 much. more than- half an ounce 


/ It 51 170 


of water, to 6 een of Whiting. ot lime 


ihove- mentioned, I always, Had ſome Water 


ig 0 17 


* 


| come over, \ though; very, little = penportion 
c tl 

1 did not fail to, amine 7 1 Yi there had 
been any loſs In the weight of the lime, or 


-_ whiting, i | order to de Armin whether any 
20 1 LE | A 124 part 


ge of Air, made i in this manner 
8 and having viewed i it with the 


1c quantity made uſe of. we) 106 Litality. 


„ 


| Converſion In "of W. ater into Air. = - | 


bait of theſe folid ſybſtances] had entered into 
the compoſition of the air; but [found much | 
| difficulty in weight ing them with exactneſs, . 
after "ſhaking them gut df an earthen retort, 
into "which YO not ſee; and to which 
part of theſe 10 | rthy 7 55 often adhered, 
0 


#7 i 
15 that 1 could not obtain muck ſatisfact ion 


N even F hey 1. broke che retort? Beſides, | 
95 . s line loſs of the earth in 
loudineſs of t 16 air, whenever the pro- 
aucli 0 fl apid. 1 In a future proceſs 
I 180 abundant 105 proof” that the air did not 
chene kann An Fits y matter with which 
a oi . t n com bined. 
185 ee had de idea but —— that 
& e fo the converflon, a6 T con- 
ed it to be, of of water into air, was" to 
get 710 7 14 without which it would 
not q 9 is ene "Calcareous' earth; and 1 ima- 
pa that by this means the matter, or prin- 
tip e was ſo intimately combined 
th it, as not to be ſeparated from it by 
75 cooling, as in the caſe of ſteam. But I, as 
well as all my friends; was a long time ut- 
ne diſconcerted iy _— «that when I 
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put tlie Whiting and water into n teatell'glakk 
retort; the Water came ober in the form bf 
team; and Attle or no aft was produced 
The reſult wab a6! the fame when I malle 
the procels if a gun barrel, in & porechiiny 


tie inde. Ice e 1 brig ag ft obige 
That tlie earth had not loſt its property of 
doing its part in the buſineſs, I four8*Vy; 
putting mefe "water to the” ſame whitin 
aich dea Sue ir" 6 his Sebel 


before; and then heating it iti an carthen ru 
tort; when again it gave air” only And #6" 
water, the ſame as before. Aud at ks 
time 1 obſetyed, that part of the air Was 

hardly to be diſtiüguiſhed from chat ofthe” 


: atmoſphere.” Vi 119191 oy gaite: to. 3d guords 


I cannot expreſs my ſurptiſe at mm Ujlexs" 
pected failure with the glaſs retert ; And n. 
ſpeculations on the ſubject Were vitibus; Hur” 
at that time altogether iefeQuil. Ainbag 
other things it occurred to mit that, ably" 
ſome  phlogiſton, either contained in te 


" 
* 1 6 


: " 


retort;' of even in am earthen retort Blazed in 


Iich Häcl Been uſed no Mfg than Tür thy” 


earthen retort, or coming thivigh Ken! 
pe | 92 I coul 


J 


W W ww. ca e a4 


CV 


dn f nau, f, U.. 7 


"+ wh 


1 could; not tell hows or on what principle) 
from the fire, might he neceſſary te water, 
and all other ſubſtanees aſſum ing the form of 
air. But when, with this idea, Iput ſpirit 
of wine, oil, or iron-filings to the me, I g 
nothing from theſe mixtures in. glaſd retorts, 
beſides ſteam and inflam:nable air, from; the 
decompoſition of theſe. ſubſtances containing | 
phlogiſton: ; Ait gc * "req 811 gib 
That, there was, nothing in che matetiösle 
of Phich che, earthen retort Was made, that, 
negeſſarily produced the air, was evident from 


retort, and heated it, mixed; with-ayater, in; 
ong of glaſs. 3710150 26 Sm 5117 ir 
Being ſatisfied that the, productipn of ain 
depended very mach.upon, the retort itſeli. 11 
thought of uſing the retort only with wateny : 
but, wighout ang: legs ar, earthy; ſubſtanees = 
and. I;fopnd it ſuecegd far: beyond, y hege 8 
tation. For when P hut a mall quagtity | 
water, into ons, gf thrglg retarts; and;endege. - 
voüreg f to diſtil it, goptlye; L never, Riled % 
procure; abqut an; hundred ounce, meaſures of | 


Lee this I cquld i as I re 
WI x 
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with FRO ſame retort, and without its lofing 
any weight; and the air produced in this 

mann er dever had any portion: of Wadi in 
4 and was alyays but very little inferior to 
that of the atmoſpher eve: 


In oll theſe proceſſes I obſerved, that very 
nile of thjs:gir was-procured till all the wa- 


ter that could be poured out: of the xetort 
Was evaporated, for the difference in the; pro- 
e was very little, whether Lexpaſed the 
retort«to the fire-quite full of water, or with 
only about an ounce meaſure of water imit, 
or even after letting it remain full;for ſhort 
time, and then pouring out-allthat4;capld 


ö from it; fo that it was only that water 


vrhich was chtangled, as it were, in the pores 
of the retort, and which had been in ſome 


meaſure united to the ſubſtance of it, that 


bad contributed to this production of air. 
- Theſe retorts (which Mr. WIG WOOD 


1 me are made of a mixture of freſh and 
_ of burnt Devonſhire pipe clay) are pervious to 
Water, tlough not to air; ſo that while the air 


is produced from that water which has en- 
wood the pores, the reſt 1 is ſometimes viſibly 


making 


N 5 — Ds 


—— 


poſſible, however, and bontraryr to all the 
las of hydruſtatics; char; at fHhuld enter by - 
he ſune pores by whichithe watdr or team 
was eſcaping; ind-at the fame time mat its | 
endeavour to foree its way out ef the retort 
was ſuch that it overcame! . conſiderable 
reſiſtance from the colunin lf warer? at the | 
mouth of my recipients.{- Air mitht have 
ne 1inobſervelipores/in the 
rotort, but none could have. 1itbred' that 
ane was the leit ſenſiblo crack 
in aby part! of. We retort, was never 3 
to collect anyair at all #41, 14 1 
„en experintents. a — 
hapsj ſhew that itlis: ſuſſieient for the pro- 
hegen uf aire ſteum come into contact 
with elay ſufficiently* heated. Between | a 
"copper: Mill and the glaſs tube communi- . 
root with my recipient for air; I introduced 
the ſtem of a Are x and by means 


* 6.4 ? gl 
Tt will appear, however, that the lit muſt have entered | 


35 the pores, but by means of a power very Ural from | 
her ot preſſure; and able to counteraBi/it, t. 
ORE 5 24 | 5 


x this : | n — 
yo — tixeds Wild 
„ eee eee v neee dene 


| whos bende ip cool) nothing br hin. 

_ was«delivereirby it without any nie at All. 
Theveinragnb fed air in ithibl produde, land; 
anne See 
baen better, Anke cw celine bee 
if 1 had not uftüh uhe fem of Foil piper | 
Buto when I uſed a clean pipe it the ſathe 
manner) o I idid. HAHA che u? much} f ar 
themearotact af i the fuel; Toingloſet theo = 
tobateo · pipe inan earthen tube and them: 
had air ad good as had generally got im the 
eatthatꝭ retort and not muih worſt than that 
of the atmaſphere. FO eri e 7 1 

Adother ciroumſtance Tobſervetl ws, that 
it che outſidę af the (veſſel: which contained 
che wator.or-ſicam; through which.ib paſſed)! 
when the requiſite heat was applied toit); * 


10 1 n 
* | 


— retort, 
filled withimoift:elnyy. into an i iron digeſter, 
and pplied heut to it, 1 got only à very 
little fixed air (which was probably com- 
ppc Gm e Pony of air 1 60 
mable ax from the veſſel. All A u 
over! beſides Was ſteam, and at laſt em | 
mable Air from tlie veſſel itſelt. 
Being now able to procure air 1 15 
of watet, in this moſt fimple method, viz. - 

_ by\water only in the earthen retort, I had an 
oppbrtunity of aſcertaining, with great eaſe 
ahdi:ekaQ@neſs, ſeveral circumſtances relat- 
ing! to the proceſs; and of obviating, as 1 
thought, ſome objections to the ooncluſion 
that T had drawn from it. Among other 
things, I fully fatisfied myſelf that the earth 
of the retort contributed nothing at all 34 
this production of air, but the water eny: 
for having uſed the ſame * I had 


got 


# : 
| 6 
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22 it nearly an ounce weight of air, 
or 800 ounce meaſures; I eee 


grains more than ie did at belt, 450 een 
nued to weigh the-fame'till; after the laſt 
proceſs. This ſmall addition of weight 
might exfily- have come from à little of the 
water having been imbibed by the neck of 
the retort, here the heat of the n ed 


not reach it. Mhen all the pr | 
_ overs I kept the whole retort” in a bed eat | 
for ſeveral hours, and then found that, be- 
ſides Jofing+ thoſe three grains, it weighed 
eight grains eſs than it did at firſt. 190 . 

- - Before this I had found, that the e. 
"HG Phan I had uſed in the irt experi-, 


Fro. the e any conſiderable: part 
<q of the air which. I igot froin it; after com- 
4 «bining 1 water with it; for two ounces: of the 

Whiting, (which Was: the qua intity. that 1. 

generally made uſe of * did. not attract more 
| than eight grains 'of,q any thing wheh it was 


. a whole day i in an open e diſh, OS. 


* 
. « 
- Y « 


5 r 8 
it had loſt more than half ita : al. | 
 emation;! 1110} * ne 32.1 #62 GIO, <4 < 120 
N deltchas beeg imagined by, ſame, that the 
ait which. L. gat in theſe carthen netorts Was 
that hieh had been attracted ſrom the at- 
moſphere by che inſide ſurface of them. 
But, beſides, that no ain could ever be pro- 
ꝗugęd without water; to obyiate tis objection 
mog particularly, when, one of theſe retarts 
as giving its laſt portion of air, Eimmerſed 
ihk path, pf it in a baſon gf water z. and 
1ol6tting 25 in that ſituation, filled i it again 
Withgnt admitting any agceſs of air to the. 
i inſides And, let, on gepæating thei proceſs 
with. it, the git, was produced juſt a8 freely 
bag heſorg. This gpetation I repeated fiveral, 
times, Af, it be ſaid, that the outſjde of the 
O retoct attacted the air, ſtill the infide, being 
mpoſed of che ſame materials, muſt have 
Attracted ait alla; and lit Would have ap- | 
»:peared by theaſent, of the water fromithe . 0 
baſon, the arore beiag ſufficiently! imper- 
ige teren lib (10 % hem e sz 
Ry gde 1 h anagined; Wat e the 
2 2 1 runs fert leaſt the 
A | power 


* 
* 


*. en 
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power. of the retort to contribute, to. tha pro- 
duction of it, was owing to ſomething that 
was tranſmitted from the burning coals; but 
which could not paſs through glaſs or me- 
tals. To determine this, I took an earthen 
tube, of the ſame compoſition with the re- 
tort, and putting a little water in it, placed 
it, ſurrounded with ſand;; in a glaſs veſſel, 
and this again, ſurrounded: alſo with..fand, 
in an iron one; and yet the heat tranſmitted 
through all theſe ſubſtances, enabled the 
earthen tuhe to give air, in the fame. propor- 
tion, and of the ſame quality, as it would have 
done if it had been expoſed to the naked fire. | 
Having nom procured air, by means 'of 
Water, in a very ſimple, and aß I,thought,.. 
an 'unexce :ptionable manner, I wiſhed to 
make it in greater quantities, in p portion 
to the water employed; and for. this purpoſe 
T firſt thought of increaſing the ſize, or the 
thickneſs of the porous retorts: but I thought 
if might anſwer as well if I put into the 
retort, in powder, the materials of. \ hich,, 
they were 9," or e, ſybſtitcey of, 5 
RY Lind. | 


oy 


ig : 


Conver an of Water into Air. 45 
2 by mixing ground flint and 
che ire ptopertions, I preſently in- 
eraſed che guantity of air much beyond my 
{2 J64the' firſt trials,” in which 
F Had men Hint and a little Clay, I never 
falled to get 200 be meafures of air from 


1 one of water. Then, uſing tnofe clay nd 


les flint, I had ftil' moré dir And artaſly" 
leaving out tlie flint altögether; and fing 
cle ey r never" failed to get much more 
than 48d, and generully between 500 and! 
ob dune tneaſüres of Air from ont bf W 
tet; ich wWäs aboüt threeAoiitths ef the 
weight of "the water ard in- one Particular: 
proceſs T protured very Httle leſs that fü 
teritlis of the weight of te water in dir, Ae 
thif afr Was nbver dich lefg, pure hm tag: 
of 'the atmöſphlere? Sometimes it chνẽjnme 
be Alſtingt 


nitröhs nir F ind nee or ritbe T chöbughe ü t 


T'indit' here obſerve,” that I fotind It nt 
coftycnientꝰ to Put ſo much Water to any 
quuntity of ey d would take Ir colidre i | 
oe malls, i much as that it u > 

* | remain 


1 


I Het le ür all, by mie ue: 


evefl purer tian chat Vf che uttmöſpliere grole oO 


|  unexceptionable manner, by weighing the 
_ retort, with all its contents, before and after 
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Fo 


| remain in the form of powder. By Mild 
means it might cafily be poured out * — 


retort when the experiment was over. 


The weight of the water Apen in — 
far of air I aſcertained, in the moſt 


the proceſs. I ſhall explain this by the „ 


ſult of two. of the proceſſeos. In one of 


them, the retort and moiſtened clay together 
loſt in weight 588 grains, after yielding 741 
dynce meaſures of air, which (in the pro- 
— of fix grains to he ouyce · meaſure) 
would have weighed 444 grains, and con- 
ſequen tly, about rh of wy weight 
ep eee r > 
In the other end * lofs i weight 
was 358 grains, after yielding 356 ounce 
meaſures of air, which would have weighed 
333 grains. The proportion, therefore, be- 
tween the weight of the air and that of the, 
Water Was 11 1 to 116, or nearly nine to ten. 
I alſo found now, that ſo much heat a8 
ads hitherto: applied was neither ,necellary. 
nor uſeful. In the lara proceſs, 


hs. 


- * * 
LY 
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duenne "Water intoAir. 3p 


me dein was conſtantly” ſulpended abourfix 
inches above ' a moderate  tharcoal fire;* at 
another time more than twelve ot fifteen : 
inches above it, where a FAH⁰,,A'; 8 
thermometer did not ſhew more than 316 85 
With this moderate heat I got 465 bounce 
meaſures in the courſe of about twelve hours, 
When the retort was ſuſpended within fix 
inches of the fire, the air was d pro- 
us | - duced at the rate of 30 ounce 1 in five by 
minutes. But a Dan bulb of 
- which was immerſed in the clay, "was "Nill 
e the heat of boiling r 
In all theſe proceſſes, ee 
cyidently ſome loſs of water; for, excepting | 
ttute firſt experiment with the lime, \ never 
i got the Whole weight of the water in ar; 
/ and it might be ſaid that I only expelled the 
air before contained in the water, though 
from theſe experiments it appeared to con- 
tin much more air than it had been thought 
- _ capable of containing. To obviate this ob- 
. jection, I contrived! to catch all the water | 


chat eſcaped through the pores of tlic retort 
in the following manner. 
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4. wt 
Havips put Ahe mgiſteped clay. into, aß. 
earthen, whinu%, b e a woe to 
long. l,, tube.(by, gpeags of which 
calle an che ar that — 
? ppt this 
clas At th J. next, the 


Fre byt( open4at 


the, other end, and ſa long TR | 


kegy this apen,anf guitecool, while 
aden Honſeguently. — 


a ee ugh.. the. pores. of. the 
aß — Londenſedd in the . 
irgn One... 8 apes Water I cavefolly.calr 16 


: 100 HAIRS found that the weight of l 


Ret & Nit DBA Rei prochiced in 
| Fly ar D indi 
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e Serben h 
contents. I alſo found, that the — 
collecged ſerved for the produQion.gf mare - 


1 100 as well AS SL FORTE * rage * | 


ſo that. there had. be 


this king, fl 
ni r 1 
; .m.v 


Wirhin an iron, — 5 , 


4 
4 
4 
A 
- 
4 
f 


ti d. air Jv — Wunder wgnhat 
| — 30a grains,;oriten grains more hn 
the Griginal water But 28 JL eſtiwa tod W 
weight of the water only by the. ſpaes which | 
it decupied in a cylindrical — 


fidecth But it will appear beanfter, that 
| moth; ew! muſt have'cleaped? invifiblyiuut = 
ce pen mouth of che iran cube dnn was 
_awareafi 7) 2220 nf dads. ld gmurer't Th 
| This nothing could enter by the pores 6f 
| the tetört at the ſame time that ae wamr 
was making its eſcupe out of them 1 theught 
1 aſcertained pretty ſutisfactorih , by im- 
merſing chs bulb of it in mercury, eontained 
in am iron veſſal. In theſe cifrumſtäces 1 
obtained air as uſual, only the „ 
Vor. * — 


— 


AE ae geared / 
þid.. {In this way; howeyors A: r- 


_ UtiFomyiloifientEelayſFaud I, difoctiondl 
. dhe pri6els thou perbeiving any termin- 
_ Aionfof 1 n Rurithe moment the rdovtiwes 
— aiſed+6ut of the mercury, it gave aids thric 
Nithed'i2s faſt as it had: dons) deforevilyThe 
_ thuafitpi6f5the air vas -the-ſalneigiy bdh 


_ Krdde-ivorls! chan that aß) the 
rutinoſpheret” Mw ppt im Wan a 1 At 


dy Vfourkthe revoit almoſt full bad ther, 
r eee eee e 
__ «ol, al gut zog gunte 


tinflammable;' br 


ſures at the Hafts ne en hIO- 
_ agfiſticatelſ9 914/155 01001:29buf! ot; ahb 


Still thearing'offananynobjeRioneina che | 


- converſion of water iuto air, L nm gave pat- 
gtieulan attention to gn exptrimatitl oft. 
Canανοα,¶jç,, concerning dim renoonverſicn 
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Fee 


2 __ into water, by decompoſing Minho0n- 


e i the als wax belly avenntty- | 
cent part of itz and" ups whit it Weight have = 
OR ct ane or 
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Wurxn 1 wrote the preceding acticle, it 
was my opinion, that the air which was 
— through the earthen retort, had 
loſt for a moment its form e air, and was 
properly incorporated with the earth, as 
fixed air is in limeſtone, and that it had re- 
ſumed its atrial form in the inſide of the 
retort ; becauſe theſe veſſels had been air- 
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blow through them when they are. plunged 
water, yet-unleſs they be glazed, ing are 
| not ſo air · tight, but that, with an air - pump. 
air may be drawn through them. Conſe- 
quently, any power : acting with the force of 
an air-pump (which is only equal to the 
preſſure of . atmoſphere) may overcome 
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that this curious proceſs is performed, be- 


| cauſe; the experiment never ſucceeds but in 
ſuch veſſels as, by the ait · pump at leaſt, ap- 


the ſmallneſs of the pores ſeems to be rather 
an advantage in this experiment; and the 
fmalleft capillary tubes alfo are pain to 11 


with the greateſt force. 


A veſſel ſeooped out of chalk ative as 


well as an earthen retort ; fo alfo did one of 
free cſtone, firſt about a quarter of an inch in 


thickneſs; and then very near an inch, which 
I got made for the purpoſe; and ſo alſo did 


a veſſel of aubite marble af the cloſeſt texture, 
though it is ſufficiently air- tight for moſt 


purpoſes, and nothing but the air- pump 
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which: contained the air that was to be 
thy Un 6 the retort) in a baſon of mer- 


and found that While the vapour of 
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in the inſide of the retort, into the inſide of 
the glaſs. veſſel (and eonſequently the air 
paſſed the contrary way, fo as to enable the 
atmoſphere to preſs the mercury into the 
inſide of the glaſs veſſel) it roſe 33 inches 
above the level on the outſide of the glaſs. 
It might probably have iſen ſomething 
bigher, if all the water in the clay had not 
then been expended- This was a yeſlel = 
made on purpoſe, of pipe- clay only, and 
very compact. When I uſed more porous 
eat then veſſels, I was never able to raiſe the 
mercury ſa high. For when the pores are 
large, the mechanical action occaſioned by 
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Having ſufficiently' aſcertained hes kind 
of veſſeli would anſwer for this experiment, 
I then tried hat kind of Huid fubſlances 
would; by their tranſmiſſion in one di - 
_ reQtion, promote the paſſing of the air 
in the other; and I found that du,, as 
"_ as ſpirit of wine, anſwered thisparpoſs | 
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perfectly well; and ſo alſo did mercury, but 
not any other metal made fluid by het. 
The mercury paſſed through the retort in 
the form of a ſubtle black poder; and on 
this occaſion I obſetved that the veſſel of 
pipe- clay with which the experiment was 
made, was ſo far air- tight, that When 1 
took it to the air - pump, nearly full of mer- 
=: cury, quite hot from the experiment in the 
WM ſun, and placed it upon the plate of the Air- 
= pump, I was not able to foree any mercury 
= through it. Probably this black powder 
was much more attenuated than meroury in 
its natural fluid tate can be. There is ulſo 
a degree of repulſioni:betweem white int: 
ceury and all-glaſs-ov:carthen wolſelsy1Phis 
repulſion meeſmanicalopreſſure might hot b 
able to overtome, though this chemical 
action could do iti It : remains however, 
to be conſidered how the mervaty indthis 
proceſs could bè changed from its natura! 
fluid ſtate inte; chis blaele poder HE Öl 
While I was making theſe experiments 
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trying one of the kinds of air that cannot 
be confined by water; and having filled the 
glaſs veſſel with allaline air, and Having 
mercury in the veſſel of clay; I ſoon found, 
by the ſmell, that the alkaline air was pail. 
ing one way, while the mercury went the 
other, juſt as readily, I doubtinot, as inflam - 
mable or nitrous air had gond one way, 
while water had gone the other. 
Of the metals in a ſtate of fluidity, I tried 
lead, bin, ine, and e. 1 ons 
any metal paſs Wee een c 
1 made ſome attempts to perform this 
experiment with veſſels which had vg, 
pares, eſpecially with fine capillary tubes of 
glaſs; having the ſtoppers of the glaſs tubes 
made with fine perforations. of this kind, 5 
but hitherto without ſucceſs ; and yet Ido 
not abſolutely, deſpair of iſueceedingꝭ in an 
experiment af this ind, and thereby ſceing 
ne, #t 
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| Ewe ſince the diſciveryvf hdmi. 
1 tion of reſpirable air in thoſt proceſſes 

_ whieh ate generally called  phogifre,: it has 
find what becomes of the ait which diſap- 
pears in them. others, I have made 
and publiſhed m. experiments with 
that view; but though by this means ſome - 
farther progtoſs was made in the philoſophy 
of air, and conſequently our knowledge of 


tural ſubſtances was extended, I did not by 
any means ſucceed to my ſutis faction with 
reſpect to the immediate object of my re- 
ſearches. Others, hovrever, were - more 
ſucceſsful, and their ſucceſs has at length 
enabled me to reſume my experiments with 
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more 


to. Air. and Water. \ M0 
more advantage; by which means I have 
been led both to confirm their concluſions, IN 
and, by diverfifying the experiments, . to 
throw conſiderable light upon various other 
chemical proceſſes. The teſult of theſe 
obſervations I ſhall. lay: before. the Society, 
with as much brevity and diſtinQneſs' as | 
I-.can,. 20 1 ; 1 W147 Nl. 570 ni $5 $61 1.0; 7 5 : 
Un the experiments'of which I chall now 
Re an I was principally guided 
by a view to the opinions which have 
lately been advanced by Mr.-CAvendist, 
Mr. War, and M. Lavorgies, Mr. 
|CavenDagn: was of opinion, than when air 
is decompoſed, witer-only is produced; and 
Mr. Warn concluded from ſome experi- 
ments, of which I gave an account to the 
Society, and: alſo from ſome obſervatious of 
his own] that water conſiſts of dephilogiſti- 
_ cated and inflammable air; i which Mr. 
CAD, and M. LavofetekR concur 
With him; but Mr. Lavortes ib Well 
Fawn to maintain; that there i Ho ſuch 1 
_ thing{uv'\whar” has been called Tb flo,” — 
eee, eee air to be notb x 
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but one of the elements or conſtituent parts ] 


of water. In the following experiments I 


alſo had a particular view to a conclufion 
which I had drawn from thoſe experiments, 


of which an account is given in my laſt 
communications to the Royal Society, vix. 
that inflammable air is pure phlogiſton in 


the form of air, at leaſt with the element 
of beat; and that fixed air conſiſts of de- 
phlogiſticated and inflammable air 3 both 
which doctrines had been firſt advanced by 
Mr. KixwaAx, before L had made the ex- 
periments hich. I en mn un | 
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Such were 8 to which 1 had 7 
a view, when I began the following courſe 
of experiments, which I hope will be an 
admonition to myſelf, as well as to others, 
to adhere as rigorouſly as poſſible to a,] 
obſervations, and to be extremely careful not 


to overlook any circumſtance that may poſ- 


_ fibly contribute to any particular reſult. 1 


ſhall have occaſion to notice my own: miſ- 


takes with reſpect to conclyfons, though all 


the b were * as 1 have repreſented 
| them. 
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them. But bil n faithful 3 
narrators of what they obſerve, no perſon 
can juſtly complain of being miſled by 

them; for to reaſon from the facts with 

which they are ſupplied, is no more the 

province of the perſon who diſcovers them, 

than of him to whom they are diſoovered. 
One of the moſt ſimple of all balegie 
proceſſes; is that in which metals are ignited” 
in: dephlogiſticated air. I therefore began 
with this, with a view to aſcertain whether 
any water be produced when the air is made 
to diſappear in it. Accordingly, into a 
glaſs veſſel containing ſeven ounce meaſures 
of pretty pure dephlogiſticated air, I intro—- 
duced a quantity of iron turnings (which is 

iron in ſmall thin pieces, exceedingly con- 
venient for theſe and many — eo | 
ments) having previouſly made them, toge- 


ther with the veſſel, the air, and the 'mer- T 


cury by which it was confined as dry as 1 
poſſibly could. Alſo, to prevent the air 
from — any moiſture, I received it 
immediately in the veſſel in which — 
experiment was made, from the proceſs 
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exclude, as it bore no proportion to the air 
vhich had diſappeared. Examining the re- 
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ing lens, and preſently, reduced the y ounce 
meaſures of air to . 65 of a meaſure; but J 
found no more water after this proceſs than 
ILimagined it had not been poſſible for me to 


ſiduum of the air, I found one-fifth of ãt to 


be fixed air, and hen I tried the purity;of 
that Which remained by the tet of nitrous 
air, it did not appear that any phlogiſticated 


air had been produced in the proceſs 3 for 


though it was more impure than I ſuppoſe 
the air with which I began the experiment 
muſt have been, it was not More ſo than tho : 
phlogiſticated air of the 7 ounce meaſures, | 
which had not been affected by the prooeſs, 


and which muſt have been contained. in the, 


reſiduum, would neceſſarily make it. In 


this caſe one meaſure of this reſiduum and 


tyyo of neee the ſpace, of 232: 


of a mcaſure. turnt oth 
20 Fe 5 In 


„ SATIN 5 "— 


* 


b Air and Water. 5 5 
In another experiment of this kind, ten 
Br 
reduced to . & of a meaſure, and by waſhing in 
lime water to. 38. In another mpetiment, in 
A — 


e —— the — 


began the experiment, the teſt with nitrous 
air, in the proportions: above=mentioned, 


giving I in both casts. To what circum- 


ſtanoe the differenoe might be owng i can- 
Not tell. l 2 rn 429700 teln vefftz! 
In theſe: experiments. che fed / air muſt, | 
I preſume, have been formed by the union of 
the phlogiſton from the iron and the de- 
 phlogiſticared air in which" it was ignited; 
but the quantity of it was very ſmall in pro- 
Poettzon ts the air which” had diſappeared; 
and at that time I had no ſuſpicion that the 


iron, which had been melted, and gathered 


into round balls, could have imbibed it; a 
melting heat having been ſufficient; as I had 
nt N ed, to en 8 16 1 thing th t s cap- 
_ able of * form of air from any 

5 1 | ſubſtance. 
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ſubſtance whatever. I Was therefore en- 

tirely at a loſs about what muſt eee 

of the air. D or a9 
Senſible, e that bo af 

ai have been imbibed by /omething, to 


which it muſt have given a yer-perceivable | 


addition of weight, and ſeeing nothing elſe 


that could have imbibed it, it oecurred to 
me to weigh the calx into which the iron 
had been reduced; and I preſently found, 
that the dephlogiſticated air had actually 
been imbibed by the melted iron, in the 
ſame manner as inflammable air, in my 
former experiments, had been imbibed by 
probable ſuch an abſorption might have ap- 
peared to me à priori. In the firſt inſtance, 
about twelve ounce meaſures of dephlogiſti- 


rp —ů— te neee | 


that other quantities of iron, treated in the 
ſame manner, gained ſimilar additions of 
weight, which was always very nearly that 
of the air which had diſappeare. 
een = . This 


This calx of iron, I then concluded, was 
by no means what I had before taken it to 
be, viz, a pure cals, or Aug, but either; the 


calx, or the iron itſelf, ſaturated wih pure 


air. This calciform ſubſtance I found, by 
various experiments, to be the ſame thing 
with the ſcales that fly from iron when it is 
made red - hot, or the ſubſtance into which it 
runs in a very intenſe heat, in an open fire*; 
Concluding from the preceding experi- 
ment, that iron ſufficiently. heated, was cap- 
able of ſaturating itſelf with pure air, er- 
trated from the maſs of the atmoſphere, 1 
then proceeded to melt it with the heat of a 
burning lens in the open air; and I preſently 
this way, and continued in this fuſion a cer- 
ing or tbrowing out air, whereas it was on 
the contrary imbibing air; and when it was 


ſaturated the fuſion ceaſed, and the heat of 


vy lese could not eee imprei- 
Mo NA | of) on Iftizotod 
It is alſo the e — * whicty 
ann. 2 given hereafter. N 0 8 : 
rare 1 ſion 


* 
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fon apbn it. When this was the cafe, I 
always found that it had gained weight in the 
ptoportion of '7 to 24, which is very nearly 
one-third. of its original weight. The fame 
was the effect when I melted /icel in the 
iron on which the experiment could be tried. 
But I have ſome reaſon to think, that with a 
greater degree of heat than I could apply, the 
iron might have been kept ina ſtate of fuſion 
ſomewhat longer, and by that means have 
imbibed more air, even more * d 
of its original weight. 11 
There was a peculiar. e e a 
ing the melting of cat; iron with a burning 
lens, which made it impoſſible to aſcertain 
the addition that was made to its weight, 
ſpectaele; for the moment that any quantity 
of it was melted, and gathered into a round 
ball, it began to. diſperſe in a thouſand di · 
tections, exhibiting the appearance of a maſt 
beautiful fire - work, ſome of the particles 
lying to the diſtance of half a yard from the 
place of fuſion; and the whole was attended 
NG 3 75 BS - with 


with a conſiderable hiffing noiſe. - Some of 
the largelt pieces which had been diſperſed 
in this manner I was able to collect, and 
having ſubjected them to the heat of the 
lens, they exhibited the ſame appearance as 
the larger maſs from en "OP had been 
ſodttered,2 DANGERS: . d 
When 1 melted this eig je: in che bode 
tom of a deep glaſs receiver, in order to 
collect all the particles that were diſperſed, 
they firmly adhered to the glaſs, melting 
it ſuperficially, though without making ; 
crack, ſo that it was ſtill impoſſible to col- 
lect and weigh the particles. However, 1 
generally found that, notwithſtanding the 
copious diſperſion, what remained after che 
experiment rather exceeded than fell ſhort of 
the original weight, of the iron. Sometimes 
a piece of common iron, and eſpecially ſteel, 
would make à little hiſſing in the fuſion, 
and a particle or two would 8 off; _ 
mals was never daumen. Wr 


10 On being Informed of waa a 

mena, Mr. Wa rr concluded, that the baſis of the de- 

phlogiſticated air united to the phlogiſton of the iron, and 
1 | by & formed 


£ and, variqus other, metals, by melting. them 


Experiments relating 
Having now procurefl chat I. thought.to, 
be a new, calx f iron, or a, calx ſaturated, 


90 


Vith pure air. I endeayoured 60 erh t, 


making it imbibe inflammable air, in, the 
fame mannes that I had, before made iron 


in a yeſſel containing inflammable , 18 


this 1 ſucceeded ; but in the courſe of the 


experiment, a new and very unexpected. ap- 
Pearance occurred. I. took a piece of jron, 


which J had ſaturatecd Witch pure ait, and 


putting it into A 8lafs, yeſſel containing i Url 


| flammable air, confined by water, threw, 


upon, it the focus. of, the lens, and. pre 


ſently perceiyed the inflammable air to ndiſ⸗ 


appear, and without thinking of any thing 


| eſcaping from the calx of iron (which: had 


been ſubjected $0 a greater heat before) J. 
imagined that I ſhould have found the adi 


tion of the weight of air in the; iron, andi the 
reſult might be an; iren eee ee 


pu 19949907 etz. hf S l Aa ads, 
formed water, which was prof. Fre od repay 
Amy united to the glx of irony as to rſt the effadhs of 
ee 7 whit: eee Of, een 
a i. een DL499/82 » pg 
Mal | k Ul 


air that had diſappeared, 
meaſures, and the dephlogi 0 
| grains, which is equal to about 4. i ounce 


in the propet proportion to ſaturate each 


to one of 


- 
- 


neglected to examine the ſtate of the air that 


remained, except in a general way, by which 


I found 


meaſures, I found that they were very nearly 


* 2 N P 14 s 5 W 
dephlogiſticated air. I therefore 


. ms tas 
which the experiment was made, and having 


* 


4 | hn St he 2M 521 Art 255 55 id 


_ - as, poſſible. I had no ſooner 83 


9 See er 
bent, cha it yas. ill; to appearance,/as 


in a veſfel in! which eee air was, 
cnt by mercury, and both the veſſel and 
the mercury had been previoully made as dry 


Form lad other f! ez eircums, 


veſſel ALA ee 1 rs of, 
dew, that covered almoſt, the whole of it. 
Theſe | particles: by degrees” gathered, into, 
drops, and ran down: Nn of the, we 
the han- beams; 0 that it then appeared < 
me very evident, that-togter,. with or withs 
out fixed air, Was the produce of the-inflams, 


mahle air, and the pure air let Iooſe from 

the iron in this mode of operation; theugh 

I; way aſterwards taught by Mr. Wa Tw te 

e a 
5 


+ + > 


„ 


> this 


0 Hd 
his Tefült lib n Bake mate, When 1 
had examined the remaining air; A beet "> 
inflammablk ds vet, Withoht chu TT 
müxtüre RAW Air ät Allr 
Whkett 1 CFneetcd thb water Which tia 


ducsz fn Edd ecperinzerd by tas e 
filtering paper carefully Introdiiced to'ablors = 


pp 
the ad Weight Wich that pb ons 55 AE 


it, I found it to be, as nearly as 


loft by the iron i and Alf, in every 
meflt öf this kind, in which "atfended to 
tit bret ande, 1 ünd Mal the quantity 


of \infldminiflble ait Which Had al apps, 
Was Abbott doüble ta Wat of the d l 
cited Ar Et J06fe fföifl the iron, ſppolin I 


Fut to Hade been redü 664 ſnts Alf 


bier Günce men füres bf iflatmable 
air, Wäifle it Left às müch as the"weight ür 
about 3 buff meafures of dephl | 
air, and the Water tollefted" weighed: Strains. 
Aotkier tire à pieces öf flag 18 ff 15 yrdins,” 
ale ee e ced r nin bak 
perſser aceurach is not 46) 58 Ecpektöck⸗ 

ſhall only mention one more expetithent- er 
dich Sho 7 | this 


*> oY 
2 2 F 
28 

= 


"one tithe L made 4 Pisce of is nag 


"x a 


84 
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nts relatin ing 
"191tiftno2 yak WO ne 191119 2mot, ber 


this kind, in which 64 9unce 1 N - 
flammable air were reduced 092 of 77 3 
measure, And, the ion bad loſt. 42755 
equal in weight to 3g ounce, meaſu 

dephlogiſticated air. In all the abowern nl 
tigned, experiments, the inflammable air y 


chat which is Produced by the, ſol rem 


. ion in acids. 5H at ale vil Bob 5814 

A before Thad finiſhed. his cours of of ex- 
periments I. had ſatisfied. myſelf that inflam- 
MAbIE, Always contains a Porn fr 11 


_ time,confined by Water, it 7 more, iq 
25510 hg increaſed, in its ſpeeific grayity,.by 
that means,, I repeated. che experiment with 
igflanunable air 
fingd by Water, but which, was xeoeiyed, ing 
veſleh, of grey mercury, from the. yellel in 
 which;3;was generated; but d preſently. per- 


allo, ande te ,APpearange, as .copioully, as in 
in the farmer, Experiment:, lndeed; ths 


quantity of xyater produced y hich ſo greatly 


— the, inan 
* is ſufficient rt that it — — 


pounce 


— nts AAS; HI 


Alſo, that when it Has; been {« ay L 
Which had, dot, been; gone 


cxived that. water was, produced, in this, ca _ 


had acquired'by melting in de 


to MINE Water. | $c. 
1 BID 5 3J 


had' ſome f other 1 ſource tha De See 
platt of that ir, er elle ue le, cogemer 
with "th e betet titel 36 3 k, <a 
raking into engel dhe coiteſpotilivig 
it of Weight i the iron. Of Ir Int, i 
e ft” Here ole. Unt we en . 
ich T had thekted in this nrünner -an | 
yr i Had thereby Toit the weight” Whict1t 


air, becattie perfect 'i iron "as it firſt; d at 
then Kg mh off being melted by the burn 
ing 4 his path; ſo that tus "Tithe piede ef 
in veuld "es fol theſe" exptrimehts 4 
operator ſhould hiife!' It AAS 


efis, that if dhe kon had lot 


10 bene the precetling fulon, it had 
atquited it 2$aiti” from the inflatiimniable air 
Which it had abſbrbed; and I do ft ſee DW 
the & petimelit bet accounted for in any 
oller Way,” WHICh necengküy * riptied” the 
dale of Pius piNe'fs = Cone ele Prep 
it) Pöidb, This; at Kak. isthe molt manta} 
| Way of av60unting for the ap wel 
Lim if Had this füccefs Wer ug ee 
or eile of its, kerle ine bar vf taper; 


2v84 1 75 11 45105 0 | 17t94 unt 21 .of 
bs 8 


$6 Ebenen en 
* thoſe ſcales 1 which fly from it when. it is 


Fe 
in, the. inflanwable ait jo the, lame manner 
| ns 4 00 Iuſed the ſcales of iron in the. ſame 
circumſtances... I alſo; had 1 reſult 
"when J.cevived precipitate per oo in inlam- 


 _mnable air 3 but baxing at that time a very 
| 2 by n not 2 


28 


weight by Fa rs in an ae ee 0 
well 28 in the open air, by the ſun- beams. 
if it were poſſible. for it 10 atttact gin, cr 
whatever. elſe, it is that is the immediate 
cauſe gf fits additional weight. Three 
ounces: of common iron filings, expoled, x 
n Arong, ben in an earthen (F510 hs, Bp 


8! le will b ſeen that when I repeated this ße a 


7 


to more advantage afterwards,” I found no mofe water. 


than might be fuppoſed to baye been contained; as an e. 

trancqus fubſtanee, either in the inflammable. git; or, the 

red precipitate 4 which makes 

* NCR eee e 
I. © DIY 911 L 


5555 Foy 


e | 
39 501 0 4 17 15 Hi Wks 


t and I found water produced 


firiking/ Bs ee | 


0 Mr unt Mes. 65 
"ri! dots. or 26 ali, "and fer i N= 
ber fivin' babitig' bein” bompletely fü. 
Having 4 glaſs tabe commupicati Wer 
the retort, in order to botecr an) arr” "thit 
the troll flüngs tight give Gut,” 1 und 
that when they were very Höt, the Water 
alcendeck within" the tube; which "TheWs 
chat che itbn was then Ih @ ſtate Of abfetS+ 
ing, aud ot of giviig'vut Wy Ak. 0 4 
Seeing fo much water produced in thile 
experiitiints with ftiflitamiable ür, I Was 
parti6tarly"124"e6 releck on ce kent 
Aten aner sere 10 eien other,” zo, ef- 
peciilly Mi, Cr nb1en's" bas En ke 
tothe, HE nä "i614 ps chat, Pk. 
Rinding che Edpetttehts" of Whith 1 Hat 
given un accent to the Royal Society, dd 
from wle 1. Bad Cofeludled "What? füt 
ſuaded that water was eſſential to the pro- 
conftitvent principle. At that time f G 
not peretive"the "force" of che arguments 
which tie fte to me, eſpectelly, aa, in the 
experiments with charcoal, 1 totally ai 
Iran 84 | perſed XY 


Am the eaſe While the piece df arc Ws 


08 mod 


on Murr OY 
en "withoa burning 
lens i dhννj⁰＋and thereby fed my rebei vet 
with 266tHinf but iv flxthmuble : airs Thad 
nd ſaſpicion'thhtthelwer leather! viwhich 
my [receiver ſtood could hãve any inf uente 


ſubject to de intenlſe bent of the lebe, at 


_ "Placed Neeral inches above the leather 
had ald prectred "inflammable air from 
= chafebal inan Herd! eatthen retort wo 


whole days ſugceſſively du hichi it had 
Siven iuflammaplo af without intermiſſiön. 

Alſo iron filings in a gun- -barrelꝭ and a guh,j 
barrel'itfelf, hadcalbvays given i6flammiable 
air Whenever I kried the experiment 


eheſe eireutaſtanceb / howevtrh deb d 
Ame, ang perhaps would have deceived any 


other perſon j for did not know, and ebuld 


| not have believed; the powerful attraction 


that charcoal, or eng appear; to have for 
voti when they are intenſely hot. They 
will find, and attract it, in tho midſt oñ̃ the 
ichotteſt:fire, and'throughapy:pores thatanigy 
ade left open in @'retgre;; and irbom ſilings are 


ſeldom fo n hy 
_ adhering 


pete A Meal 


adberiag —— ors 
to give a confiderable, quantity. af; inflag+ 


fully awake tothe fubjet;Tyralendly found 
+hat:the;ciegumſtances above-mentioned hed / 
actually miſled me; I azean withireſpedt tp 
be condlufion which I drew from the ep 
riments: and not with reſpect to the experi- 
ments themſelvog, every one f which, 1 
doubt not, will be found to anſwer, when 
ever they ate tried; by perſons of | ſufficient 
(kill and properly. attentius to all the cig- 
cumſtances- Aug Eh niit nou o 
Being thus apprised of the influence. of 
unpergeiyed moiſture in the produstion of 
ioflammable air, and willing to aſcertain it 
to my perſect ſatisfaction, I began with 
billing a gun- barrel: with iron; filingd: dn | 
naheir common ſtate; | without. taking any 
Particular precaution to dry them, and I 
+ Found that they gaue air as they had been 
oa to do, and continued to do ſo 1255 
chours: Leven got ten dunce mæaſunes bf 
-1inflamimiable air from two ounces ef ibn 
lings in a coated-glaſs- retort. Atievyth, 


gaitodbe | however, 


wmable air, + But: yi attention; ; heing m. e 


aud a few repetitions of the experittjeilt 


vot able, with the advantage ef a good fön, 


Auction of this kind of Een 
Was therefore now convinces,” that water l 


* 


however; the 1 wad iair 


from the/gut-barcel'ceaſed; but on putting 
Water. into it, the air was produced 55 


fully Gatisfied me that I had been too pteci- 


biunte in concludiag . inſfammable air id 


pure phlogiſton- 15 II Aden 11 17 
Abend de — with che 


| cherebal, making the receiver the ſtand o 


which I placed the charcoal, and the char- 


Goal itſelf, as dry and as hot a8 up i] 


vling erment inſtead of a wet to e- 
dude the uf. In thefe Ar Cunts Was 


and an excellent burhing" lens, ns Kala 
pole quite ſo müch ad co gin e e 
piece of charcoal, which gabe me teh. üfeg 
meaſures of inflammable alf; and this, 1 


imagine; was effected by means of fo much 


from the air" in 


— 


moiſtuts as was depofite 
its ſtate of rarefacion;' and before it col 
be dtayn from the receiver,” To the 


as neceſſary as nan. Et: 5 175 
non „ 


e d and Mate- * 


Ens ig this ſtate f y coperiments = 
that, I received an authentic account oi thoſe 
af M. Lv, on tranſmitting water 
through an hot iron tube, and alſo rough 
achat copper tube containing charcoal, and 
thereby procuring large quantities of in- 
flammable air, M. Layors:g, himfelf hays 
ing been ſo obliging as to ſend me a p 
of his Memoir on that ſubject. I had heard 
an accoupt of the experiments ſome months 
before ; but it was ſo imperfect a ane,; that 
I gyn 1 paid little attention to them, At 
this time, however, I was prepared to he 
| ſufficiently ſenſible of their value. obs 08 

In my Jaſt communications to, the Royal 
Soeiety, it will be, ſeen that I had. (grande 
mitted the vapour of ſeveral fluid ſubſſ 
through red- hot arben tuber, and thereby. 
procured, different kinds of air, M. Lan 
vo adopted the fame. proceſs, but uſed, 
an iron tube; and by means of that girgumo 
ſtance made a very yaluable diſcovery which | | 

bad eſcaped me, I had indeed on one 09s; 
4 ee i 
i - „0 fl 1011 : 10 or = 'Y 4 


11 
4 


92 Beperiments rele ting 
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mitted ſteam through it; but not liavin 


al eat Gn A ws YR $13 ith AE + 


75 | FiO not 71 at al 1 
it * e Keen mat 40 „after 

* a ale reale Was ſtilr 56 tete 
bein In ige in its ſentiblé Proßtrckel 


Fanz fo Hirter inſtrücted by the ebe? 


Alten ef M. Lavote tnx, 1 Was determineck 
ts tepeat the protets with/an the dttedition 
Ted tc it; but 1 môüld not Bube 
ne thi with 10 much advatäge, if E Had 
r. the Afffſtance of Vr. Ks 7 ag 
Aa thoight chit Pf. Lafee 89 
r en 


1 A FAS 9{14 4194 (3 3 
12 m =" the con > 


Kea A aten Hot Sen eh y . Do | 


7 85 1 48⁸ 4 105 Mine 12 8 e 
end de Jene ae k cle t 
Able aif Wis ly furnittien by ths 25 
%% it "rhb" provely, "Bat 
POT? L Akio to be of” this pine 
| for time, the” frequetit repetition "6f 
p cbeiſch, with tlie lighyt wh 
Wir . Obferhatiöns "threw* vpon thb 


fltlsßed ine ut length that the in flamme 
ger n 91 ee e daidw To nel 


I Hide, .23namns 9 40. 11002 13diods le 


d 


00 gn_ 


"*%y 


2 Wy” 5 ** % 
win 770 
Guvotl zoll. 41d lace . 

ar rei (mh 
el yi th 
nent en made. "rs £1 es, nd 
then thols,with, iron and other ;ſubſtanced, 
in; contact; with; which (when. they were in 
a ſtate of fuſion, or at leaſt red- hot) L made 
ſteam, or the vapour of other liquid ſubs, 
ſtanges, to paſs. I ſhall only obſerve that, 
previous ta this, I began, to/make the, 
iments. with, coajed. gibſon hints 


1 


an we 
2 93 — 


foupd to anſwer very well duxin k 
| 34 though . x failed x4 BIO: | 
 cooſing. Ai length Ne x 
copper nM Whi ich, 28 M HA voisieh 3 | 
e Ape nos 5. wha 5 | 
Vine Wha moon, chat moſt genen 
meter, of eignes, W jun . 
the purpoſes aud theſe, glazed + tow 
ide onνν]ͥ nad — gc 
They are, indeed, everh thing thaß — 
wich for in experiments af this Find the 
reaſon of which will appegr in my account 
of another courſe of experiments, which 1 
Tac 


94  Eaptevithonts ng 
H-hope! to/-lay- beſors the” Sovjery" d due 
time hne boo girl ib beten 
Nen j of 7 —_— \apparatus; "with 
| an follow The water ood, bol 
in a glaſs retort, Which communicated with 
the; copper or,catthen tube that contained 
the chatecal or iron &c; and which, being 
placed in an Horizontal poſition, was: ſurs- 
rounded with hot coals. The end of this 
tube oppoſite to tlie tetort communicated 
with the pipe of a common wrt tub, fuck 
as is generally uſed in diſtillations, by means 
of which all. the Auperflucqus ſteam was on 
denſed, asd collacted in a, proper recep 
tacle, While the dir ubich had buen pro- 
duded, and had come along with it through 
de worm-tub} was, trauſmitted into a2 
trough: of water, where propet veſſels were 
placed to receive; it, and aſeertain the quan- 
| tity of it after which I eodld examine the 
| quality of it at leiſure 7. 
An Acecumt of them is contained in ins volume bt 
| 1320 Finn 


Ka ane ou. — wen Tg 10 . 
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variations in the reſult i the p 


al ſo between caeh / of thern and — 
duced not being ſo neatiy the fame agb I 
imagined they would have beets.” Al t 
quantity of "Hed ar thut Wis HTE Wirk 
the inttammuble afr varied very tüehl- 


This faſt eircumſtance, however” (hike Uf 
my experiments may ferve "6" Explafl- 


Whenever I had no fre Water than why 
ſufficient for the productio f re Hr 
there vun, never ang Ebbe gti oF 


flammable air from charcbal. Tinte was! 
pixtionfarly the cafe when I proddescd tlie 
air by means of a burning leus im am e 


retort” with the applicatitn of an intens 


ſteam tranſmitted" thedugh! the Hot tubes 
2 


containing the charcoal was very copiout, 
mne fixed ait in the produce was 


than it would. otheryrle have been. . 


al 3 extremes 


In the(experiment with #bardoal) Tun, 
unexpected difficulties, "and" conſiderable. 
i be. 
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extremes that I have obſerved in the pro- 
portion of the fixed to the inflammable air 
| have been from one · twelfth to one-fifth: of 
the whole. As I generally produced this 
air, the latter was the uſual proportion; 
and this was excluſive of the fixed air that 
was intimately combined with the inflam- 
mable air, and which could not be ſeparated 
from it except by decompoſiti 


4 phlogiſticated air; and this — fixed 


air I ſometimes, found: to be. one-third. of 
the whole maſs, oi at . times * 
quize ſo much. 

To aſcertain pin 1 — 
| of this inflammable air from, charcoal. (after 
| the uncombined fixed air had been ſepa- 
| rated from it by lime-water) with one mea- 
ſure of dephlogiſticated air, and then fired 
them by the electric ſpark. After this I 
: always found that the air which remained 
made lime - water very turbid, and the pro- 
portion in which it was now diminiſhed, 
by waſhing. in lime · water, ſhewed the 
quantity of fixed air that had. been com- 
bined with the inflammable. That the 

fixed 
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the following. Expending 94 grains of pet- 
fect charcoal (by which I mean charcoal 
made with a very ſtrong heat, ſo as to expel 
all fixed air from it) and 240 grains of 
water, I procured 840 onnce meaſures of air, 
one-fifth of which was fixed air, and of the 
inflammable part nearly one-third more ap- 

| to be fixed air by decompoſition. 
| Receiving this kind of air in a variety of 
experiments, but not in the preceding ones 
in particular (for then I could not have aſ- 
certained the quantity of it) conſiſting of 
fixed and inflammable air together, I found 
ſome variations in its ſpecific gravity, owing, 
1 imagine, to the different proportions of 
fixed air contained in it; but upon the 
whole, I think, that the proportion of 14 
grains to 40 ounce meaſures is pretty near 


the truth, when the proportion of fixed 
air is about one-fifth of the whole. With 
reſpe& to the weight of the inflammable air 
after the fixed air was ſeparated from it, I 
found no great difference, and think it 
may be eſtimated at 8 grains to 30 ounce 
meaſures, 3 


'Vpon 
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Upon theſe principles, the whole weight | 
of the 840 ounce : SAI of air * 
be d er 13 111= MOGrRG: 
that of the charcoal will be 94 0965 £115! | 
CNT was...» ü ie 6 


7 | - % 


of 34 eth con- 
gde the nature of the experiment, will 
perhaps be thought to be SIP near to 
that of the air. # 

If the air be analyzed, the 840 ounce mea- 
ſures will be found to contain 1 


8 37-7 e eee 
and 7a impure inflammable = 170 _ 
oat he hola will gh +." X00; 


It may, N be ſafely concluded from 
this experiment, and indeed from every 
other that I made with charcoal, that there 
was no more pure inflammable air produced 
than the charcoal itſelf may be very well 
ſuppoſed to have ſupplied. eh 

There is, therefore, no reaſon for deſerting 
the old eſtabliſhed hypotheſis of phlogifton 


on account of theſe experiments, fince the 
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fact is by no means inconſiſtent with it. 
The pure inflammable air, with the water 
neceſſarily contained in it, would weigh no 
more than about 30 grains, while the loſs 
of weight in the charcoal was 94 grains. 
But to this muſt be added the phlogiſton 
contained in 392 ounce meaſures of fixed air, 
which, according to Mr. KI xRwWAx's pro- 
portion, will be nearly 65 grains, and this 

and the 30 grains will be 95 grains. 
The baſis to this fixed air, as well as to 
the inflammable, muſt have been furniſhed 
by the water; and from this it may be con- 
cluded, that the water muſt have been fo 
far altered as to be changed into fixed air, 
which will be thought not to be any great 
paradox, if it be conſidered that, according 
to the lateſt diſcoveries, fixed air and water 
appear to conſiſt of the ſame ingredients, 
namely, dephlogiſticated and inflammable 
air. However, in this change of the wa- 
ter we cannot be abſolutely ſure that the 
ſame proportion of the ingredients is con- 
tained, and therefore it cannot be abſolutely 
| determined whether the inflammable air 
| | which 
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which it contains enters wholly into the 
fixed air, or not. F arther experiments, or 
a careful compariſon of theſe with thoſe 
made by Mr. Kizwan and others, maß 
perhaps throw ſome light upon this ſub⸗ 


ject. Whether the combined fixed air Ws 


comes wholly from the. charcoal, or whe- 
ther the charcoal only ſupplies the phlo- 


giſton, and the water its baſis, that is, the 3 


dephlogiſticated air, WY to de inveſ- i 
g Dae 1 i my account of the ex- 
periments with charcoal, I would obſerve, 
that there is another on which I place ſome 
dependence, in which, with the loſs of 178 
grains of charcoal, and 528 grains of water, 
1 procured. 1410 ounce meaſures of air, of 


which the laſt portion (for I did not exa-. 


mine the reſt) contained one-fixth part of 
uncombined fixed air. This was made in 

an earthen tube glazed on the outſide. | 
The experiments with iron were more * 
tisfaQory than thoſe with charcoal, being 
ſubject to leſs variation; and they by no means 


* us to ſuppoſe that the inflammable | 


e 2 
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air comes from the water, but only from 


the iron, as the quantity of water expend- 
ed, deducting the weight of the air pro- 
duced, was as nearly as could be expected in 
experiments of this kind, found in the ad- 
dition of weight gained by the iron. And 


though the inflammable air procured in this 
proceſs is between one-third and one-half 
more than can be procured from iron by a 


ſolution in acids, the reaſon may be, that 
much phlogiſton is retained in the ſolutions, 
and therefore much more may be expelled 
from iron, when pure water, without any 
acid, takes the place of it. I would further 


obſerve, that the produce of air, and alſo the 


addition of weight gained by the iron, are 


much more eaſily aſcertained in theſe experi- - 


ments than the quantity of water expended 
in them, on account of the great length of 


the veſſels uſed in the proceſs, and the dif- 


ferent quantities that may perhaps be re- 
tained in the worm of the tub; though I did 


not fail to uſe all the precautions that 1 


could think of, to guard 1 my MAE 
on theſe accounts, | 
| of 
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Of the many experiments which 1 made 
with iron, I ſhall content myſelf} with re- 
citing the following reſults. With the ad- 
dition of 267 grains to a quantity of iron, 
and the loſs of 336 grains of water, I pro- 
cured 840 ounce meaſures of inflammable 
air; and with the addition of 140 grains to 
another quantity of iron, and the eonſump- 
tion of 254 grains of water, 1 got 420 ounce | 
meaſures of air*, | 

| The inflammable air ile hos in this 
manner is of the lighteſt kind, and free from 
that very ofen/ive ſmell. which is generally 
occaſioned by the rapid ſolution of metals in 
oil of vitriol, and it is extricated in as little 


mme in this way as it is poſſible to do it by 


any mode of ſolution. On this account it 
occurred to me, that it muſt be by much the 


2 If the perfect accuracy of the former of theſe experi- 
ments may be depended on (and it may always be pre- 
ſumed, that thoſe in which /ittle water is expended are 
preferable to thoſe in which more is conſumed) the water 
that neceſſarily enters into this kind of inflanmable air is 
about equal in weight to the phlogi/on that is in it. But 
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cheapeſt method that has yet been uſed of 
. wi balloons with the lighteſt inflammable 
For this purpoſe it will be proper to 
| ae uſe of caſt-iron cylinders of a conſider- 
able length, and about three or four inches; 
or perhaps more, in diameter. Though the 
Iron tube itſelf will contribute to the produe- 
tion of air; and therefore may become unfit 
for the purpoſe in time; yet, for any thing 
that I know to the contrary, the ſame tube 
may ſerve for a very great number of pro- 
ceſſes, and perhaps the change made in the 
 Infide ſurface may protect i it from any farther 
action of the water, if the tube be of ſuffi- 
cient thickneſs ; but this can only. be deter- 
mined by experiment. Sag 
Some eſtimate of what. may be expected 
from this method of procuring inflammable 
air may be formed from the following ob- 
ſervations. About twelve inches in length 
of a copper tube, three-fourths of an inch in 
diameter, filled with iron turning. (which 
are more convenient for this purpoſe than 
iron filings, as they do not lie ſo cloſe, but 
adenit the ſteam to bn through their inter- 
ſtices) 


. 


ices) wed FR Fey anda ſafficient 
quantity of ſteam paſſed through it, yielded 
thirty ounce meaſures of air in fifty ſeconds ; 
and eighteen inches of another -copper tube, 
an inch and a quarter in diameter, filled 
and treated in the ſame manner, gave two 
twenty-five ſeconds; ſo that this larger tube 
gave air in proportion to its ſolid contents 
compared with the ſmaller ; but to what 
extent this might be depended upon I cannot 
tell. However, as the heat ,penetrates ſo 
readily to ſome diſtance, the rate of giving air 
will always be in a greater proportion than 
that of the ſimple diameter of the tube. 
T yhe following experiment was made with 

a view to aſcertain the quantity of inflam- 
mable air that may be procured in this way 
from any given quantity of iron. Tw 
ounces of iron, or 960 grains, when diſſolyed 
in acids, will yield about 800 ounce mea» 
ſures of air; but treated in this manner. it 


iron had gained 329 grains in weight, which 


* 
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is little ſhort of ind of the weight: of 
i iron. 

| Conſidering how little this n 
air weighs, viz. the whole 10 54 ounce mea» 
ſures not more than 63 grains, and the dif- 
ficulty of aſcertaining the loſs of water to ſo 
ſmall a quantity as this, it is not poſſible to 


determine, from a proceſs of this kind, ho- 


much water enters into the compoſition of 

the inflammable air of metals. It would be 
more eaſy to determine this circumſtance 
with reſpect to the inflammable air of char - 
coal, eſpecially by means of the experiment 
made with a burning lens in vacuo, In this 
method two grains of charcoal gave at a 
medium thirteen ounce meaſures of inflam- 
mable air, which, in the proportion of 30 
ounce meaſures to 8 grains, will weigh 3.3 
grains; ſo that water in the compoſition of 
this kind of inflammable air is in the pro- 
portion of 1.3 to 2, though there will be 
ſome difficulty with reſpe& to the fixed air 
intimately combined with this kind _ in- 
. air. 
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Since iron gains the ſame addition of 
weight by melting in dephlogiſticated air, and 
alſo by the addition of water when red-hot, 
and becomes, as I have already obſerved; in 
all reſpe&s the ſame ſubſtance, it is evident, 
that this air or water, as exiſting in the iron, 
is the very ſame thing ; and this can hardly 
be explained but upon the ſuppoſition that 
water conſiſts of two kinds of air, vis. in- 
flammable and dephlogiſticated. I ſhall ens 
deavour to explain theſe erde, in che * | 
lowing manner. 

When iron is melted in deptlogitiestel 
air, we may ſuppoſe that, though part of its 
phlogiſton eſcapes, to enter into the com- 
poſition of the ſmall quantity of fixed air 
which is then procured, yet enough remains 
to form water with the addition of the dephlo- 
giſticated air which it has imbibed, ſo that 
this calx of iron conſiſts of the intimate 
union of the pure earth of iron and of water; 
and therefore when the ſame calx, thus ſa- 
turated with water, is expoſed to heat in in- 
flammable air, this air enters into it, deſtroys 
the n between the water and the 

| earth, 
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is expelled in its proper form. P 

| Conſequently, in the proceſs with Kean, 
"thing is neceflary to be ſuppoſed but the 
entrance of the water, and the expulſion of 
the phlogiſton belonging to the iron, no 
more phlogiſton remaining in it than what 
the water brought along with it, and which 
s retained as a conſtituent part of * . 
or of the new compound. 

_ Having procured water from the Gen of 
iron (which I muſt again obſerve is, in all 
reſpects, the ſame ſubſtance with iron melted 


in dephlogiſticated air, or ſaturated with 
ſteam by means of heat) and having thereby 


converted it into perfect iron again, I did not 
entertain a doubt but that I ſhould be able 
to produce the ſame effect by heating it with 


charcoal in a retort; and I had likewiſe -no + 


doubt but I ſhould be able to extract the 
additional weight which the iron had gained 
(vi. one-third of the whole) in water. In 


the former of theſe conjectures I was right; 


but with ni to the latter, I was n 


I Og . 


earth, and revives the iron, while the water 
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' Having made the ſcales" of iron, and alſo 
the powder of charcoal very hot, ptevious to | 
the experiment, fo that I was ſatisfied that 
no air could be extracted from either of 
— ſeparately by any degree of heat, and 
ving mixed them together While they 
— hot, T put them into an earthen) retort, 
glazed within and without, which was quite 
impervious to air. This I placed in a fur- 
nace, in which I could give it a very ſtrong 
heat; and connected with it proper veſſels 
to eondenſe and collect the water which 1 
expected to receive in the courſe of the 
proceſs : But, to my great furpriſe, not one 
particle of moiſture” came over, but a prodi- / 
gious quantity of air, and the rapidity of i its 
production aſtoniſhed me; ſo that I had no 
doubt but that the weight of the air would 
have been equal to the loſs of weight both 
in the ſcales and in the charcoal ; nk when' 
1 examined the air, which I repeatedly did, 
| I found it to contain one-tenth" of fixed air, | 
and the inflammable air, which retnained 
when the fixed air was ſeparated from it, 
was of a very remarkable kind, being quite 
90h "34 
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as heavy as common air; The reaſon of 


this was ſufficiently apparent when it was 
decompoſed by means of dephlogiſticated 


air; for the greateſt part of it was fixed air. 
The theory of this proceſs I imagined to 
be, that the phlogiſton from the charcoal 
reviving the iron, the water with which it 


had been ſaturated, being now ſet looſe, 


affected the hot charcoal as it would have 
done if it had been applied to it in the form 

of fleam as in the preceding experiments; 
and therefore the air produced in theſe two 
different modes have a near reſemblance to 


each other, each containing fixed air, both 


combined and uncombined, though in dif- 
ferent proportions; and in both the caſes I 
found theſe proportions ſubject to variations. 
in one proceſs with charcoal and ſcales of 
iron, the firſt produce contained. one-fifth. of 


uncombined fixed air, the middle part one 


tenth, and the laſt none at all. But in all 


theſe caſes the proportion of combined 1 50 
air varied very little. 


Why air and not water ſhould be e 
duced i in this caſe, as well as in the preced- 


ing, 


n eu DT 


in 
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ing, when the iron is equally revived in 
both, I do not pretend perfectly to under- 
ſtand. There is, indeed, an obvious dif- 


ference in the circumſtances of the twWo ex- 
periments; as in that with charcoal the 


phlogiſton is found in a combined ſtate z 


whereas in that of inflammable air, it is 
looſe, or only united to water; and perhaps 
future experiments may rw _ ons 
tion a mach ern wine gr 


Y This Pg us pk to 7 ee 0h 7a, _ 
rede of Mr. Lavoisss, and others, who ſay that the 
inflammable air procured by means of iron and charcoal 
comes from the water, and who think that by this meang 
they can exclude phlogiſton. For, according to them, 
neither the ſcales of iron, nor the charcoal, contain phlo- 
giſton, of any thing from which inflammable air can be 
made, but are merely ſubſtances capable of imbibing pure 
air, and thereby ſetting at liberty the inflammable air con- 
tained in the water. As to the ſcales of iron, they were 
only iron ſaturated with dephlogiſticated air. But had 
this been the caſe, there was nothing in either of the ma- 
terials made uſe of in this experiment from which the in- 
flammable air could poſſibly come, there being no water 
contained in either of them. But ſuppoſing the reality of 
plilogiſton, and its conſtituting a part of metals, of charcoal, 
and of inflammable air, the experiment is very intelligible, 
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There is ſome analogy between the ex⸗ 


periment of the calx of iron imbibing in- 
flammable air, and the i iron itſelf imbibing 
 dephlogiſticated* : air. In the former caſe 
water is produced, and in the latter fixed air, 


However, this caſe of iron imbibing de- 


phlogiſticated air, more nearly reſembles 
the caſe of the blood in the lungs imbibing 


as dephlogiſticated air is imbibed, ſixed air 


is formed. This, therefore, ſeems to be a 


confirmation of the concluſion which I 
drew from my former experiments « on blood, 
viz. that it parts with phlogiſton in reſpira- 
tion. Only I would now add, that at the 
fame time that it parts with phlogiſton' it 


takes i in dephlogiſticated air, which makes 1 


the caſe perfectly ſimilar to that of the ex- 


periment with iron, which likewiſe parts 


with phlogiſton to form fixed air, at the 
fame time that it imbibes dephlogiſticated 
air in contact with which it is fuſed. 

1 propoſe to reſerve for a future commu- 
nication the continuation of theſe experi- 
"_ containing an account of the appli- 
cation 


the ſame kind of ir, and in both the caſes 


ca 
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cation of the ſame. proceſs. to other ſub- 


ſtances; but it may not be amiſs juſt to 
mention a few of the general reſults, and , 
thoſe: which have the neareſt - connexion / 
with the experiments recited above. 1 
After having tranſmitted ſteam in contact 1 
with charconl and iron in a copper tube, 1 WE 
propoſed to do the ſame with other. ſub- 


ſtances containing phlogiſton, and I began 


with - bones, which were burnt black, and | 
had been ſubjected to an intenſe heat, co- 


vered with ſand, in an earthen retort. From 
three ounces of bones thus prepared, and 


treated as I had done the charcoal, 1 got 


840 ounce meaſures of air, with the loſs of 


288 grains of water. The bones were by 


this means made perfectly white, and had 
loſt 110 grains of their weight. As the air 
ceaſed to come a conſiderable time before 
all the water had been tranſmitted through 
the tube containing them, I concluded that 
the air was formed ftom the phlogiſton 
contained in the bones, and ſo much was: 


ter as was. neceſſary to. give it the form is 


of air. 
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This. air differs conſiderably from any 
other kind of inflammable air, being in ſe- 
veral reſpects a medium between that from 

charcoal and that from iron. It contains 

about one- fourth of its bulk of uncombined 
fixed air, but not quite one-tenth intimately 
combined with the remainder. The water 
that came over was blue, and pretty ſtrongly; 
alkaline, which muſt have been occaſioned 
by the volatile alkali not having been in- 
tirely expelled from the bones in the former 
proceſs, and its having in part diſſolved the 
copper of the tube in which the Foie 
was made. #- 
I ſubjected to the — procefs:: a variety 
of ſubſtances that are ſaid not to contain 
phlogiſton, but I was never able to procure 
inflammable air by means of them; which 


ſtrengthens the hypotheſis of the principal 


element in the conſtitution of this air hav- 
ing been derived from the ſubſtance ſup- 
poſed to contain phlogiſton, and therefore 
that phlogiſton is a real ſabſtance capable 
of aſſuming the form of air by mea 9 
Water and heat. * 
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The experiments above-mentioned relat - 
ing to iron were made with that kind 
which is malleable; but I had the ſame re- 
ſult when 1 made uſe of ſmall nails of g - 
_ #ron, except that theſe were firmly faſtened 
together after the experiment, the ſurfaces 
of them being cryſtallized; and the cryſtals 
mixing with each other, ſo that it was 
with great difficulty that they could be got 
out of 'the tube after the experiment; and 
in general the ſolid parts of the nails were 
broken before they were ſeparated from each 
other. Indeed the pieces of malleable iron 
adheged 3 an 15 er but 


'Calti iron annealed (by being kept dot 
in charcoal) is remarkably different from 
the caſt iron which has not undergone that 
operation, eſpecially in its being, to an ex- 
traordinary degree, more ſoluble in acids. 
With the turnings of annealed caſt iron 1 
made the following experiment. From 966 
grains of this iron, and with the loſs of 480 
grains of water, I got 870 ounce meaſures 


of inflammable air, and tranſmitting ſteam 
12 -  - through 
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through them a ſecond time, I got 150 
ounce meaſures more. The iron had then 
gained 246 grains in weight, and the pieces 
adhered firmly together; but being thin 
they were eaſily broken and got out of the 
tube, whereas it had required a long time, 
and a ſharp ſteel inſtrument, to clear the 
tube of the caſt-iron afl. NEL! 
Willing to try the effect of 1 iron, 
and other ſubſtances, in all the different 
kinds of air, without any particular expecta- 
tion, I found that iron melted more readily 
in vitriolic acid air than in dephlogiſticated 
air, the air was diminiſhed as rapidly, 'and 
the inſide of the veſſel was covered with a 
black footy matter, which when expoſed to 
heat, readily ſublimed in the form of a white 
vapour, and left the glaſs quite clean;” The 
iron, after the experiment, was quite brittle, 3 
and 'muſt, I preſume, be the fame thing” 
with iron that is ſulphurated; but I did not 
particularly examine it. Of ſeven ounce 
meaſures of vitriolic acid air, in one of theſe 
experiments, not more than three-tenths of 
an ounce meaſure remained; of _ two- 
s I | thirds 
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thirds was fixed air, and the reſiduum of 
this was inflammable. I had put three of 
ſuch reſiduums together, | in; order to make 
the experiment with the greater certainty. 
Having tranſmitted cam, or the vapour 
of water, through a copper tube, I was wil- 
ling to try the effects of firs? - of wine 
through the ſame tube when red-hot, having 
before procured inflammable air by ſending. 
the ſame vapour through a red-hot tobacco- 
pipe. In this caſe, the vapour of the ſpirit, 
of wine had no ſooner- entered the hot 
copper tube, than I was perfectly aſtoniſhed 
at the rapid production of air. It reſembled 
the blowing of a pair of bellows. But I 
had not uſed four ounces of the ſpirit of wine 
before I very unexpectedly found, that. the 
tube was perforated in ſeveral places ; and 
preſently afterwards it was ſo far deſtroyed, 
that in attempting to remove it from the 
fice it actually fell in pieces. The inſide 


was full of a black ſooty matter reſerabling Fe 


lamp-black. | 

Upon this 1 had W to unden tubes, 
and found, that by melting copper and 
iber metals in them, and tranſmitting the 
3 vapour 
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vapour of ſpirit of wine in contact with 
them, different ſubſtances were formed ac- 
cording to the metals employed. The new 
ſubſtances hereby formed may be ſaid to 
be the ſeveral metals ſuper- ſaturated with 
phlogiſton, and may perhaps not be im- 
Fey called the charcoal of the metals. 

That this appellation is not very impro- 


per, may appear from theſe ſubſtances yield- 


ing inflammable air very copicaſly when 
they are made red-hot, and the ſteam of 
water is tranſmitted in contact with them, 
juſt as when the charcoal of wood is treated 
in the ſame manner. The detail of theſe 
experiments I reſerve for another communi- 
cation, as alſo thoſe of the converſion of 
pirit of wine, ather, andi oil, into different 
kinds of inflammable air, by tranſmitting 
them, in vapour, through hot earthen 
tubes. In the mean time, I ſhall think 
myſelf Happy if the communication of the 
preceding experiments ſhall give any fatif- 
faction to the Members of the Society'®.” 2 


| . An account of theſe experiments will be found in the 
preſent volume. They were not completed ſoon enough 
10 land to the Society before the publication of this volume. 
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| 8 ORE 1 cloſe this: en 1 wic 
to make a few general inferences from the 
principal! of the experiments above- men- 
tioned, eſpecially relating to the propor- 
tional quantity of em, we in 
iron and waters 
When any uadticy of wy is elm i in 
dephlogiſticated air, it imbibes the greateſt 
part of it, and gains an addition of weight 
very nearly equal to that of the air imbibed. 
Thus the abſorption of twelve ounce mea- 
ſares of dephlogiſticated air gave an addition 
of fix grains to the piece of iron which had 
been melted in it. But there was always a 
quantity of fixed air produced in this pro- 
ceſs; and on the ſuppoſition chat this air 
conſiſts of the union of dephlogiſticated and 
inflammable air, it proves that the dephlo- 
Eiſticatss. air which enters the iron expels 


„ more 
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more phlogiſton than is neceflary to conſti- 


tute an equal weight of water, ſo that water 


does not contain ſo much phlogiſton as iron; 
but the difference is not very conſiderable. 


Admitting Mr. Kixwan's concluſion, | 


vix. that ioo cubic inches of fixed air con- 
tain 8,357-grains of phlogiſton, the .1 3 of an 
ounce meaſure of fixed air, which (in an. ex- | 
periment recited in theſe papers) was found 
in the reſiduum of ſeven ounce meaſures of 


dephlogiſticated/air abſorbed by icon, would 


not have contained more than . oi of a grain 
of phlogiſton, or about. 16 of an ounce mea - 
ſure of inflammable air. Then, as the 
abſorption of 12 ounce meaſares of dephlo- 


giſticated air occaſioned an addition of 6 


grains to the weight of the iron which had 
abſorbed it, the abſorption of ſeven ounce 
meaſures muſt have occaſioned the addition 


of 3-5 grains to che iron which bad imbibed 


it. But the ſame addition of weight to iron 

given by eam (which carries its own in- 
flammable air along with it) would have ex- 
pelled near 12 ounce meaſures of 'inflamma- 

ble air: conſequently, about 10 ounce mea 


— * 


U ſures 


Is 
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ſures of inflammable air (or the- phlogiſton | 
requiſite to form it) muſt, in the former . 
periment, have been retained in the 1 iron, in 
order to compoſe the water which was now 
made by the union of the dephlogiſticated air 
imbibed by the iron and the phlogiſton con- 
tained in it; and therefore the proportion, : 
between the quantity of phlogiſton in. in 
to that which is contained in an equal 
weight of water, may be about. 12 to 0. 95 | 
more accurately to 0. . 

Had no fixed air at all been and bs 

reſiduum above- mentioned, it might have 
been concluded, that water had contained the 

very fame proportion of phlogiſton; with 
iron. Since 'when iron that has been fa- 
turated with dephlogiſticated air is heated 
in inflammable air (in which proceſo an 

equal weight of water is produced, and the 
loſs of weight in the iron is equal to that 
of ſuch a quantity of dephlogiſticated air as 
would have been one · half of the bulk of the. 
inflammable..air which diſappears, in that 
Con OE ne ne "7 Ns: 
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one- fifth of any quantity of water had been 
iInflutniniable =_ 

For, neglecting the difference wed tho 
weight of dephlogiſticated and common ait, 
which is not conſiderable, and eſtimating 
the latter at eth part that of water, and in- 
flammable air at one-tenth of the weight of 
common air, an ounge meaſure of dephlogif- 
ticated air will weigh :6 of a grain, and two 
ounce meaſures of inflammable air will 


weigh. 12 of a grain, which weine are to 
each other as g bo 0. lat 


3 
*. 


* 1 appears p the 5 of theſe ase 
: that the water which is found on heating the ſcales of 
iron in inflammable air, is not formed by the dephlogiſti- 
cated air expelled from them uniting with the inflammable 

air in the veſſel. but was the water previouſly contained in 
© the ſcales, which is made to quit its place by the introduc- 
tion of the phlogiſton, from. the inflammable air 3 het 
that water carries out with it not much leſs phlogiſton 
than was taken in by the iron, and à fittls more muſt be, 
allowed for that water which was neceſſary to make in- 
| Aammiable air, and which could not enter the iron when 
it was revived; fo that; on the whole, the phlogiſton in 
the water that is found after the proceſs mutt be very 
An the ſame . 2 that is imbibed by the i iron, and 
| the 


to Air and Water... 12 ? 


Though, in conſequence of the ſiuall 15 
quantity of fixed air which is found in the 
proceſs of melting iron in dephlogiſticated 
air, this conclufion is not accurate, it is 
pretty nearly fo; and it is remarkable that, 
upon this fappoſition, about as much inflam- 
mable air is expelled from iron when water 
is combined with it, as the water itſelf 
brings along with it, as an effential i ingre- 
dient in its compoſition. ' For in one expe- 
riment 296 grains added to the weight of a 
quantity of iron by ſteam, made it to yield 
about 1000 ounce meaſures of inflammable 
air. This would weigh 60 grains, and one- 
fifth of the 296 grains of water will be 59.2 
grains. Again, 267 grains added to iron by 
| ſteam made it to yield 840 ounce meaſures 
of inflammable air, Which would w eigh 
50.4 grains, and one-fifth of the To 5 = 
be 53- FR. 


” # 
4 4 5 * 


3 ; 
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the water is nearly the ſame that would have been pro- 
duced. * ſuppoſition of its being made from dephlo- 
giſticated ieee OH 
3 


When 
© ö | 
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When the experiments on the melting of 
iron in dephlogiſticated air ſhall be repeated 
on a larger ſcale, which it will not be diffi- 
cult to do by the help of a larger burning 
lens than I am at preſent poſſeſſed of, it will 
be eafy to reduce theſe calculations to a 
i greater certainty. All that I can do at 
preſent is to approximate to ſuch general 
concluſions as I have mentioned; but they are 
of ſo much conſequence i in philoſophy, that 
it will certainly be well worth while to aſcer- 
tain them with as much. accuracy as poſſible. 
Nice calculations would be ill beſtowed-on 
the imperfect data which I am as yet able to 
furniſh. Attention muſt alſo be given to the 
quantity of water contained in inflammable 
air from iron; which not being yet aſcer- 
tained is not conſidered in theſe inferences, 
I with only to hint in this Poſtſcript, that 
ſome important concluſions ſeem to be nearly 
within our reach, | 
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Farther 7 omen relating to ths 05 Zompo- 
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T T ceptilogitticared cad inflamma- 
ble air, at. leaſt with the element of 
heat, conſtitute water, ſeems to be clearly 
inferred from the experiments in the pre- 
ceding ſection. Some difficulties, however, 
have occurred reſpecting this theory, from 
my ſubſequent experiments, which I ſhall 
propoſe with the ſame fidelity as I have done 
thoſe which favour the hypotheſis. But as 
I mean to throw into this ſection all the 
obſeryations that I have made upon the ſub» 
ject, I ſhall firſt recite ſome experiments 
which perfectly agree with the former, 
and eyidently lead to the ſame concluſion. 
Some of them are thoſe of which only the 


1 a was e before. i ö MY 
OY I have 


- 
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I have obſerved, that, when that iron 
. which has been melted in the open air (or 
that which has been altered by the paſſing . 
of ſteam over it red-hot) was heated by a 
burning lens in inflammable air, the air diſ- 
appeared, and a conſiderable quantity of 
water was produced. I had the ſame reſult 
with /cales of copper. Theſe ſcales became 
of a genuine copper colour in this proceſs ; 
ſo that I had no doubt of their being copper 
revived. The water was ſo copious, that 
when only 34 ounce meaſures of air were 
abſorbed, the water formed in drops on the 
inſide of the veſſel, and ſome of ens ran 
down it. 
ls alſo procured water 8 1 ee 
dephlogiſticated and inflammable air from 
iron by the electric ſpark in a cloſe veſſel, 
which is an experiment ſimilar to thoſe that 
were made by Mr. LAvoistzk, at Paris. 
1 put 3.75 ounce meaſures of a mixture of 
air, of which one-third was dephlogiſticat ted, 
and two-thirds inflammable from iron, in 
the cloſe veſſel ; and after the exploſion I 


. in it one grain of moiſture. The 
dephlo- 
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dephlogiſticated air in this mixture would 
have weighed a little more than 0.75 of a 
grain. But repeating this experiment with 
half as much dephlogiſticated as inflamma- 
ble air, I could not perceive any water after 
the experiment. Neither was there any fixed 
air formed in it. Again, uſing inflammable 
air from wood, in the ſame proportion from 
3.8 ounce meaſures of the mixture, I got 9,8 
of a meaſure of fixed air, which was actually 
abſorbed by lime-water. ; Worn water 200 $ 
was evidently produced. | 

Ufing more 3 to lde a 
water from either of the two kinds of air 
before the experiment (both the dephlogiſti- 
cated air, which was from nitre, and the in- 
flammable air, which was from charcoal, 
being from the firſt received in mercury, 
and always confined by- it) I Aill aun 
little water after the exploſion. | *, 
I varied this experiment by 8 the 
inflammable air in the dephlogiſticated air 
as follows. Into a veſſel containing de- 
phlogiſticated air confined by mercury, I in- 
troduced : a piece of perfect charcoal, as hot 
3 from 
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from the fire as I could bear to handle it, 
and threw upon it the focus of the lens, ſo 
that a quantity of the air was imbibed ; 
but I could not perceive that any moiſture 
Was formed. Afterwards, when 1 reſumed 
the proceſs, the air which the charcoal had. 
imbibed Was expelled again, and very little 
more was abſorbed. From 7, ounce mea- 
ſures there remained 4, of which more than 
2 was pure fixed air. No water could be 
expected after this proceſs... For even had 
there been a ſmall quantity. of moiſture in 
the velle], it would have been abſorbed. by 
the charcoal, and have enabled it to yield 
inflammable air. The phlog iſton the char- 
coal contained uniting with the dephlogiſ- 
cated air, free from moiſture, formed, I 
preſume, the fixed air that. was found alter 
this proceſs. $18: 457 

But the greateſt aifficuley — „ 
with reſpect to the preceding theory of the 
conſtitution. of water, aroſe from my never 
having been able to _ procure. any water 
when. I revived mercury from red precipi- 
tate in inflammable air, or at leaſt not more 


3 


| pitate, as much alike as! poſſible;:and that 1 


Zompofiti of Wahls. - _-: 
esd ſuppoſed to have been con- 
tained in the inffammable air, as an e 
traneous ſubſtance. (+ e eee 
Ia order to make the experiments n 
thi ſcales of iron, and that with the red preci- 


might compare thet to the greateſt ad van- | 
tage, I made them immetliately one after the 
other, with every eireumſtance as hearly as 
could the fame;; The inflammable air was 
the ſame in both the experiments, and both 
the ſcales of iron, and the red precipitate, 
were made as dry as poſſible. They were 
heated in veſſels of the ſame ſize and form, 

and equally confined by dry mercury. And 

yet when I heated the former, water was 
formed as copiouſly a8 I habe deſcribed it 
before, viz. actually running dawn the in- 
ſide of the veſſel in drops, though only 4 
ounce meaſures of inflammable air were 
abſorbed. But though I heated the red pre- 


cipitate till 8 ounce meaſures of the inflam- 


mable ait Was abſorbed, and. only three- 
fourths of ; an ounce meaſure of ait remained, 
there was bardly any ſenſible 3 o 

TK - water 


1 
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| water produced; certainly not dente 
what appeared in RE} wich the 
ſcales of iron. a 22 GET DN earn 
There was this Aer, chowever, in 
the two. reſults. In what, remained from 
the experiment with red! :peceipitate, I at 
this time perceived a flight -appearanct; o 
fixed: air, whereas there was none in what 
temained from, the ſcales af iron The te- 
ſiduum alſo from the rell precipitate: had in 
it a very ſmall portion of dephlogiſticated 
air. For being mixed with an equal mea - 
ſure of nitrous air, the ſtandard of it was. 
1.8. I muſt alſo obſerve that the iuffam! 
mable air di ſappeared much more rapidiy in 
the proceſs with ted precipitate, than in 
that with the ſcales of iron. ern e ? 
Fixed air, howerer, us no neceſſty tes 
fule in mente For II particu- 


oy 15 1 „ vey 04 5 #3, rt 16901 -+ ahne 

* Texill be. been in the ſection relating to ; influmma- 
ble air, that there i is a flight appearance of . air, in the 
decompoſition of that inflammable- air which is pr odueed, 
by means of ſhirit of ſalr f and;nbt being aware 40 at 
: ako ec ther took no account 
bowehe als was mae, vos be 200 22008. 
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larly obſerved | thatelicy;/ upon another be- 
caſion; 1 reduted s punet men fübes of int 
ſlammab le air to If of a meaſufef 1 feund 
no more than wat T J udged fte“ be much 
leſs than a gruin of Water cant . 
appearance of fixed: air π¹,,ͤr. Again 
reduced ig due meafures of inflaimable 
air In this proceſd to B. 4 of d saſübe 
without producing any tnore wates than ber 
fore; or any Near at al: Vatſo had ehe 
ſame reſult in uſing the Bläck poder of 
lead and mercury, inſtead of red preriptr 
tate; reducing 61g outibe / intAHUftt to 0.4 
of a mesſure, Without findiag aby very 


ſenſible} quaritic of water; or amy fixed 5 


air, bon e et ee 3H Yo" 
In this experiment thete can be no doubt 
but that the dephlogiſticated air diſlodged 
from the red precipitate; united wich the 
inflammable air in the veſſel; and as no 
water equnl to the weight of the two Kinds 
of air was produced, they muſt have formed. 
ſome more' ſolid ſubſtance, ' which, in the 
ſmall: quantities I was obliged to uſs/ could 
not be found. 073 20 es 
* K 2 Og 


It may beiclearly-inferced from this ex 
periment, that red precipitate is 4 ſub⸗ 
Rance by no means ſimilar to the ſvales of 
iron, as the latter appears to contain within 
itſelf all the elements of water ; and there 
fore as the inflammable air enters into it, a 
quantity of: water, equal in weight to we 
_ loſs::fuſtained by the ſcales in their” re- 
vival in the form of iron, is found in the 
teeipiept. [Whereas in the experiment with 
the ted precipitate}! thete is certainly no 
more water found. than may be ſuppoſed to 
| have been contained in the inffammablé air 
which, diſappeared, or ta have ben lodged 
without being perceived among thie particles 
of the precipitate itſelf.” Conſequently the 
ſcales of iron muſt be conſidered as'the.calx 
of iron united to water, and rell Prreipitate | 
as mercury, united to Zephlogiſtibated air, or 
rather, perhaps, as Mr. K1zwan'ſuppoſes, | 
to fixed: air, the phlogiſton bilongivg to 
which revives the mercury, While its other 
component part, the dephlogilticated ait, 
s ſet at liberty, forming an union 1 the 


element of heat. en 
1 155 8 | The 
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The difficulty with” teſpect to Mt bes = 


comes of the two kinds of air, was notleſs = 


ſened by the attempts which I made to c 


lect:all that I could from repeated decbm- . 
politions of inflammable and dephlogiſti- 


cated air in a cloſe veſſel. 

A Lhad produced water in this pfocem 
when I made no more than a Gngle ep. 
ſion at a tie, 1 thought that by continuing 
to make exploſions in the ſame; veſſel, the 
water would not fail to accumulate, till 
might collect what quantity I pleaſed; — 
1 intended to have collected à confiderable 


part of an ounce. And a8 Fih6uld Kno- 
exactly What quantity of air I 


I decom- 
poſed, I had no doubt of being able to 


aſcertain the proportion W water and 


air bore to each other. 1198707 SARA 07” 4 
With this view bo add Aa milano aſh 3 


las quantity of air, one⸗ third dephlogiſti- 
cated, and two- thirds ĩnſlammabie from iron 


and oil of vitriol. But though I had a ſen- 


üble quantity of water at the firſt exploſion 


(in each of which was uſed; between four 


and five ounce meaſures” of thie mixture of , 
rg K 3 | air) 


"a Ae Spies Unberweien an been Na- 
inc reaſe of the quantity of water on re- 
e the ploſtens. Having, therefore, 
eee 48 ounce meaſures of the mixture, 
ne the! proceſs”; anch collecting 
all the care that I could, 1 
— no mon than thee grain wenden 
Hache ta have been eleven... ahem Hide 
In this proceſs! the inſide of the _ a 
always: very black uftet each exploſion, and 
go r poured in the mercury after the ex- 
/ ploſioh;) though) dere was nothing viſible in 
tte air within the deſſel there iſſued from 
* 1 mouthsof it a den/e vapour: This was 
even the rue, though! waited ſo much as 
Fern par foes any exploſion before I 
ae to put in more mercury in order 
to make another; which if the vapour had 
deen fleam; would have been time more than 
- fiiſhojent' to permit it to cundenſe into 
1 I even perceived e ve 
5 had a quintity of water in che veſſel; a 
11 the exploſſon Was 3 | 
it, ae well us It contact with the Hides of 
"the Fell" whichs wee MR ſo 


"1 ee 8 44 that 


tes this.y vapour. had: aſl ene the 
whole body of water when the veſſel Was 
conſiſted of ſomething; elſe than mere waten. 
But I was never able to collect any quantity 
produce by the. 4 10 101 b kinds 

of ain. % bm) Nerv abba l an 
mY dela collect a quantity — 
ter;ithat formed this vapour, I contrived the 
following apparatus. In a cork. (a) Fig. 3. 
| with which I could ſhut the orifice of the 

| ſtrong glaſa veſſel (J) in which, the cxplo- | 
ö ions were made, I had two perforations. 
| Through one of theſe (c) I poured the mer- 
i _ eury, by means of a glaſs funnel ;, but in- 
d che other was introduced a glaſs tube, 
| 

| 

| 

| 

| 


* 
| 
| 
; 


of a cork, into a thin glaſs veſſel (4d) and 

went almoſt to the bottom of it. A ſmall 
hole vs alſo! made in the cork, to permit 

the nir to go out. Conſequentiy, all the air 

Y that remained in the ſtrong glals veſſel, with 

| whatever vapour it might contain, muſt, as 

bes n TI -ponred in the mercury. neceſſarily 7 pals 

. eng K 4 through 


4brough n ane be diffuſed 
through the thin glaſs »veſſel ; in which 1 
imagined that all its contents, fluid or ſolid, _ 
muſt be depoſited, However, though I re- 
peated the experiment ſevoral times with 
this apparatus, making about twenty explo- 
ſions in each, I could not find any depoſit in 
the veſſel, beſides a ſmall quantity of water; 
which; added to the water collected in the 
ſtrong veſſel, came far ſhort of ee 
e air that was decompoſed. 213 13 R109 5H 
| in the conje@ure that T'can advance, in 


ſince For yields pure air, | as will appeat in 
the courſe of this volume; part of the ſoot is 
formed by ide union of the dephlogiſticated 
air in the att and the inflammable 
—_— fuel. uur ſmoke," which contains 
mich „bot, is ſoon diſperſed, and becomes 
imwäffble in the open air. Such; therefore, 
may be the caſe here. The foot formed by 
the union of the two kinds of air may be 


diffuſed through the air, it the veſſfel in 
which they art eu ploded; untl be cartied in- 


: Tidy into a „ 
171 


* 


3 able to callect 
any quantity of it in this apparatus, nne, 
Hoping to ſucceed: better in collecting 
this volatile matter by means of à quantity 
of water incumbent upon then meteury, in 


the ſtrong-glaſs/ veſſel. in whichitheexplo- = | 


ſions. were made (though I — — 
part of it could. eſcape. through the water) 

| decompoſed-« great-quantity.af the two kinds 

of air in theſe, circumſtances ; and preſently 
found that the water became, very; cloudy 
and was at length fal. of cker. 
This L collected, and found that. | 
perfectly black upon the, carthen veſſel, in 

which the water, containing it ea. 
rated ; which would not have hen aths, qaſ 
if che blaekiſ matter in the water had hen 
that oder of mercury, which is produced 
by agitating it in pure water. For that 

black maſs always became white running 
mercury the moment the water was graponr 


ſufficient quantity of this black matter 


2 proper ne uuns 9119: 0403 ; videare 
ANTE SGH. «ti 4 Mr. 


rated. from it. Could I, have, olleched es 
might have ſatisfied, myſelf Mhethen it Was. 
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Mr. WARLTIIx firſt obſerved this cloudi- 
neſs in a veſſel in which he burned inflam- 
mable air; but it is remarkable! that ſome- 
times I got it repeatedly: in: theſe exploſions, 
all the inſide of the veſſel becoming quite 
times I have not been ahle to get this ap- 
pearance at all; ſo that I am not yet able 
to determine on what it depends. At one 
time, having the inſide of the ſtrong glaſs 
tube made very black with theſe exploſions, 
I let it remain a day or two expoſed to the 
common air, when the blackneſs diſap- 
peared, leaving the inſide of the veſſel co- 
vered with ſmall globules of white mercury. 
It ſeems, therefore, that part of the phlo- - 
giſton of the inflammable air ſometimes at- 
taches itſelf to the vapour of mercury, dif- 
fuſed inviſibly through the ſpace within the 
veſſel, pn Mrs ee the air 
of the atmoſphere. FLOSS N Nat 
That water in . Ds is ſome- 
times produced from burning inflammable 
and dephlogiſticated air is evident from the 
— of Mr, CAvENDISH and Mr. 
ö LAVOISIER. 


 LavoislsgR. I have alſo frequently collected 
conſiderable quantities oi water in this way, 
. though! never quite ſo much as the weight 
of the two kinds of air decompoſed. My 
apparatus for this pur poſe w dhe follow- 
ing. Into the mouth of à large glass bal 
loon (4) Fig. 4, I introduced a tube from 
the orifice of which there continually iſſued 
 inflammable+ air, from à veſſel eontaining 
iron and dil of vitriol. This being lighted; 
continued to burn like a candle. Preſently 
after the lighting of it, the inſide of the bal- 
loon always became cloudy, and the moiſture 
ſoon gatheted in drops, and ſettled in che 
lower part of the balloon. To catch what 
might iſſue in the form of vapouꝛ, in the 
the glaſs tube (5) in which-I always; f dt 
ſome 3 At e ee 
ee the water eee oF 
a kind of vapour, which is very different 
from eam, and capable of being conweyed a 
great way through air, or even water, with- 
but condenſation, along with the air with 
vrhich it is mixed; and on this account it 


may 2 


% 


may not be poſſible, in either of theſe modes 
of experimenting, to collect all the water in- 
to which the two kinds of air may be con- 


5 - a ” * * = 
Obſervations relating to 


verted. The nature of this kind of vapour 


n Which water c2ey be 
| bete underſtood, but well e che par: 
ticular attention of philoſophers . REyen 


mercury will evaporate, ſo as to loſe weight 


in a degree of heat dae, en boiling 


ann = ee eU e e e 
That the water colleed | Wale dai 


comes from the decompoſition of the air, and 


not from the freſh, air circulating through 


air through it, no moiſture v. e in 


it, was evident from placing balls of hot 
iron in the place of the flame, and finding 


that; though the balloon-was as much heated 


by them as by the flame of the burning of the 


inflammableair, and conſequently. there muſt 
have been the ſame current of the external 


the balloon. * #4 7x4 - * 'F F a * 1 * . * 4 >| M 0 


* 
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When, in this manner, 1 Sina Safin: 
mable air from pure iron, the water I col - 
Mr. N 0 
„ | | 

lected 


Y i £1 
* 
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infide of FR — . — 1 
when 1 wed ſulphuruted iran, there was A 
denſe: white cloud that filled the inſide of 
the balloom There was alſo a ſtrong ſinell 
of vitriolic acid air, and the water collected 
was ſenfibly! acid to the taſtuu 1941s 
Having found chat water is an eſſentil 


air, ut leaſt as produced from iron, it ſtill 
remained to be determined whether, when a 
pure; phlogiſton only entered the calx, or, 
together with it, that water which was ne- 
83 to its form of inflammable air.. 
In order to aſcertain this, I frequently. 

revivei dry calces of lead in dry inflammable 
air, and examined the appearances of moiſ- 


Ingredient in the coniſtitution of inflammable 


ture afterwards: But notwithſtanding all 8 | 


K che proceſe, I 
could not be abſalutely certain, whethen = 
more moiſture was left in the veſſel, than 
might have exiſted ,extraneouſly in the in- 
flammable air, or whether, when een 
ry eee left beh ws. | 


wütet thaf had Been eſſential to it, 46 in- 
flammable abr |" App catarices were ſueh Tas 
ſometimes inclinedime +6 think that every 
thingiwhich conflitutes inflatunableair goes 
into u cal; in order to form the meta; 40 
that if whis though a compound? thing; be 
called pf hon it wilt; ftilt be true that 
logiſton and inflammable air are the ſamne 
thing; bit; on the Whole, I rather think that 
the Water which was eſſential to the con- 
ſtitution of inflammable air was left behind. 
That iter; however, mey exiſt in bodies 
water Rh) in many caſes ; but it is 
in nothing more evident than in the ſealer 
of tun, than which no ſubſtance cn have 
leſs tlie appearance of centsining witeri =, 
But not to give A mere pu, I ſhall re- 
eite the particulars of a' few''2uperiments; = 
which 1 made with "the? view 'ubove-inens 
tionell In 6 dune meuſures of inflan- 
mible air from iron I revived ſeat till it 
was reduced te 1 . dufite meaſure, cafe 
havirig'beet taken to make every ching 46 
| 475 as — some moiſture, however, 
cot did 


the Gampyſtionaf Water. 14 

did appear, perhaps more than half a grain; 
but as this air had been confined hy water: 
it was no morejthan might hahe been con 
tained. in it as an extraneous ſuhſtandeb t 
ought; alſo to be uonſide red that iti muſt be 
exceedingly difficult to expel all maiſtuse 
by, mete heat from ſuch a poetry b 
ſtance as the yellow calx of lead, without 
reviving the metal. All, cheiniſts wall 
know. how firmly maiſt ure adheres to many 
fubſtances, with which it does not! pc e 
unite, and how much heat is gecef{atyirito = 
ſepamnte em 10 r Nai d beg 

Again, in & A ounce meaſures of infam 
mable air from iron I -revived!. leadq til 
there remained g. 9 of a meaſure, and there . 
was hardly any more moiſtufe than A 
reaſon to think might have been in te 
veſſel, independently of whit Wa ieonmined = 
H' the inflamtable air; und in order rd 

enable myſelf to judge of this I mefted au 

equal quantity of the fame minium, under 

a dry glaſs veſſel with commen air ite, 
a little moiſture appeared on the infide of = 

ot glaſs, about 8 much, I thought (fort 

could 


vived was only 16 grains, but a good deal 
————— the 


— . 7 ** Nan 


proceſ- 
x Laſuy, 1 1 bes e lead: to the 
heat of the lens in inflammable air, received 
immediately from the veſſel in which it 
was generated from iron and oil of vitriol, 
becauſe this contains leſs water than that 
which has been received in water and con- 
| fined by it; and when 6 or 7 ounce; mea- 
ſures of the air were abſorbed, 1 could not 
ſuppoſe, from the appearance, that the Wa- 
ter could be more than a quarter of a grain, 
However, when I repeated the experiment 
once more, I thought there might be about 


half a grain of water, Which is more tha 


I can well account for, without ſuppoſing | 
that the water which was neceſſary to the 
conſtitution of inflammable air, and which 
I ſuppoſe to be about half its weight, was 
left behind when the pure phlogiſton re- 
vived J the calx. This, therefore, is the 


opinion 


l oe 


opinion to which 1 e en 1 5 
do not think chat any water rene 
conſtitution of _ ever a 
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990 inn, 3 of eee, 
cording to their reſpeQive natutes., AF the, 
ſubſtances be fuld, heat applied to, chem, 
directiy makes no change in their.,conſtiny!: 
tution; but when they, ©.” made, to, pa, 
in the form of vapour, through tubes pre- 
viouſſyx made red-hot, in which, they. ars 
necefarly e ex xpoled to a red heat themſelves, 

_ You III. 8 "DL; F 72 they 
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146 . Produtiion of inflammable Air 
they are readily decompoſed; and the quan- 
*tity of inflammable air that was yielded by. 
ſome of them, in this mode of treatment, 
appeared to me rather extraordinary, _ 

I began theſe experiments with Pirit of 
wine, having an apparatus proper to receive 
any water, or other fluid, that might be 
formed, or condenſed, in the proceſs. From 
two ounce meaiures of ſpirit of wine, which 
was made to paſs, in vapour, through a 

red-hot earthen tube, I got about 1900 
ounce meaſures of air, which was all in- 
flammable, without any mixture of fixed 
air in it, and which burned with a lambent 
blue flame. Thirty ounce meaſures of this 9 
air weighed eight grains leſs than an equal 
quantity of common air. In this proceſs 
I collected o. 3 5 of an ounce meaſure of 
Water. 2 
In this ax pevieentt the air ek have 
weighed © — 633 grains - 
ps: we N 1 68 x 

801 | 
and the pit of wine would have e 


8213 ſo that the produce was pretty nearly 
1 | 2 what 


„„ 
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what might have been expected from the 
materials, the nature of the "_ con 
ſided; in ts e 4 I 

I then proceeded to ſubject to the. ſame. 
proceſs. a quantity of vitriolie æther; and 
making an ounce meaſure of it paſs through 
the hot earthen tube, almoſt filled with 
pieces of broken retorts, or crucibles- (in 
order to make a greater quantity of red- 
hot ſurface) I collected one tenth of an 
ounce meaſure. of water, and 740 ounce. 
meaſures of ait, all inflammable, without 
any mixture of fixed air. It burned with 
a large lambent white flame, like that of 


wood in a common fire, and would not 5 


explode with any mixture of dephlogiſti- 
cated air. Twenty- nine ounce meaſures of 
this air weighed five grains leſs * an 
equal bulk of common air. L 
In the next place, I made ſome: e 
of ſpirit of turpentine paſs through the hot 
earthen tube, and procured: from it a quan»: 
tity of inflammable air, that was very turbid, 
like black ſmoke. But the black matter 
n. in it was ſoon depoſited on the 
L 2 ſurface - 


— 


* 
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ſurface of the water in which it was re- 
ceived. This alſo contained no fixed air, 
and burned with a lambent flame, but much 
leſs: luminous than that in the preceding 
experiment. The ſmell of this air was ſo 
exceedingly offenſive, ' that, the apparatus 
being a little deranged, I diſcontinued the 
proceſs before I had aſcertained the quan- 
tity of air, and without collecting any 
water, which I ſuppoſe would have been 
given. Thirty ounce meaſures of this air 
weighed eight grains leſs than an n 
quantity of common air. g 
1 did not repeat this 3 wich 


olive ail, being apprehenſive that the proceſss 


would be even more affenſive than that 
with the ſpirit of turpentine, and nothing 
material depending upon it. But, upon 
another occaſion, I mixed an ounce of olive 
oil with 874 grains of calcined whiting ; 
and ſubjecting it to a red heat in an earthen 
retort; I got from it near 300 ounce: mea- 
ſures of air, and ſhould probably have got 
much more, if there had been more whiting 
in proportion to the we: The firſt portion 


o 9 - Y 7 2 
e 8 of 
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| ' from different Subſtancen. 119 
of this air burned with a large white flame, 
and the laſt with a flight lambent blue one, 
exactly reſembling the varieties in the pro- 
ceſs for extracting air from wood; ſo that 
there can be no doubt, but that it is the 
oil in the wood that gives the air. That 
excellent philoſopher, Mr. Volta, was the 
firſt who hit upon this method, or a ſimilar 
one, of getting inflammable air from oil; 
and he has given a EG account of its 1 
culiar properties. N 
From other experiments chat 1 5 * 
appears, that water is eſſential to the for- 
mation of inflammable air. In all the liquid 
ſubſtances mentioned above, the water that 
enters into their compoſition is ſufficient | 
for the purpoſe ; and ſpirit of wine, and 
Ether, appear to contain more water than is 


neceſſary. But when the ſubſtances are dry, _ 


and water does not enter as a neceſſary in- 
gredient into their compoſition, water muſt 


be introduced into the proceſs. This is 


the caſt with all the metali, and it is no leſe 
ſo W 8 8 arſenic, and probably other 
endl L 3 _ ſubſtances 


troubleſome than the preceding, on account 
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ſubſtances of a ſimilar nature, which mere 
heat only ſublimes. 


Tranſmitting ſteam over a quantity of 
ſulphur, which was melting in a hot earthen 
tube, I procured from it à conſiderable 
quantity of inflammable air, without any 
fixed air; and by analyſis it appeared to 
be of the ſame quality with that which is 
procured from iron by oil of vitriol. This 
proceſs is rather troubleſome, on account of 
the ſulphur ſubliming, and filling. up the 
tubes through which the air is conveyed. 

I then repeated the ſame proceſs: with 
arſenic, and from this ſubſtanbe alſo I pro- 

cured air in great plenty. One: ſeventh of 

L it was fixed air, but the reſt ſtrongly in- 

"flammable, and the ſmell of it could not 

be diſtinguiſhed from that of phoſphorus. 
 Tiventy ounce meaſures of this air weighed 
4+} grains leſs than an equal quantity of 
common air.” This experiment was no leſs 


of the atſenic' enen and "choking up 
near eee nee 
Win ot 5 8 ing | 
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. Having found a very heavy kind of in- 
flammable air by heating the ſcales of iron 
mixed with charcoal, I made the following 
experiment in order to aſcertain the quan- 
tity of air that might be procured from a 
given quantity of theſe materials. Mixing 
two ounces of the ſcales, or finery cinder 
(which I found to be the ſame thing) with 
one ounce of perfect charcoal, I got from 
it, in an earthen retort, 580 ounce meaſures 
of air, 'one=tenth of the firſt part of which 
vas fixed air; but afterwards it was all 
inflammable. The ſubſtances. were pretty 
firmly concreted together, and weighed 1044 
grains; ſo that the loſs of weight was 496 
grains, which muſt have been very nearly - 
the weight of the air procuted. Forty 
ounce meaſures of this air, freed from all 
fixed air, weighed two grains more 0 
equal quantity of common air. 
| Beſides the water, which ſeems to * | 
eſſential to the conſtitution. of inflammable 
air, this ſpecies of air readily imbibes more 
ls which adds greatly to in ſpecific 
; $45 + gravity 
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e I have ſ1dom found ſuch air more 
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gravity. This ſeems at leaſt to be indi- 


cated by the following experiment. Fill- 


ing a dry bladder with inflammable air, 
received immediately from the veſſel con- 
taining the iron and diluted oil of vitriol, 
from which it was generated, I found that 
zo ounce meaſures of it weighed more than 
ſeventeen grains leſs than an equal bulk of 
common air; but when I weighed that 


| Inflammableair of the ſame kind which had 


been confined by water in the fame bladder, 


it was only fourteen grains leſs than an equal 
quantity of common air. This I repeated 


air, therefore, could only be about three 


times lighter than common air; whereas 
the other was more than ten times lighter. 


Having frequently examined the ſpecific 


| — of inflammable air which has been 
long confined by water, by weighing it in 
a bladder, and then preſſing out the air, 


and weighing it when empty (which has 
the ſame effect as weighing it full of com- 


than 
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than five times lighter than an equal portion 
of common air; ſo that the ſpecific gravity 
of this air is ſoon doubled by beidgr kept | 
in PIE Vat, + b9* 4 * 2 ian 
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n E RE is no kind of ur which. vdmits 

L 7 ſuch a variety of 'mbdificativtis as the 
inflatable; nor ſhall we” think this ex. 
tradrülnary, whenOwe- confer" digi! phie 
giſton, which is the diſtinguiſhing ingredierit 
in it, enters into à greater variety of com- 
binations with" /0//d /ubſances' than perhips 
any other principle in nature, and is "the 
cauſe of a greater 3 of properties in 
them. Spitit of wine, oil, ſulphur; char- 
coal, and metals, are ſubſtances as different 
from each other, both in their external ap- 
penance, their degrees of conſiſtence, and 
other 
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other chemical properties, as any things in 
nature, yet the principal ingredient in 
them all is the ſame phlogiſton, as may be 


proved by the actual transferring of it from 
any one to any other of them. Inflammable 
air likewiſe extracted from each of theſe 
ſubſtances, as alſo that from putrid vegeta- 
bles, and by other proceſſes, of which an 
account has been given in the preceding ſec- 
tion, are all remarkably different, and appear 
to be ſo, as we ſhall preſently ſee, when 
they are decompoſed. I ſhall now give an 


account of another ſpecies of this kind of 


air, which I term ſulpburated, from the 


ſtrong ſmell that it has of ſulphur, or rather 


liver of ſulphur, and its being loaded with 


a greater quantity of matter, which, though 


at the firſt black, yet on expoſure ts the air 
preſently aſſumes a yellowiſh colour. I 
ſhall recite the experiments in which I ob- 
ſerved this peculiar ſpecies of air, in the 
order in which I made them, noting the 
other appearances that accompanied them, 


though they have not any immediate relation 
t9 the air of which I am treating, 


When 


155 


| When I was engaged in that courſe..of 


experiments in which ſteam, and the vapour 
of various fluid ſubſtances, was brought into 
contact with ſolid ſubſtances red-hot,” I 
treated manganeſe in this manner, and eſpe- 
cially a quantity with which Mr. WouLrzs 
had formerly furniſhed me, which was not in 
powder, but in a large maſs, juſt as it is dug 


out of the earth, A few ounces of this 1 


put into an earthen tube, open at hoth ends, 
But cloſing one of them with a cork, while 
the middle part of the tube was red-hot, 
and the other orifice was furniſhed with an 
apparatus proper for collecting the air that 
might be expelled from it, 1 received 40 
| ounce meaſures of air, of which one-ſixtn 
was fixed air, and the reſt of the ſtandard of 
1.7, lamhently inflammable. No more air 
coming in this diſpoſition of the apparatus, I 
opened the other end of the tube, and with 
a proper contrivance for the purpoſe, ſent ſent 
through it a quantity of ſteam ; in which 
circumſtance air was produced more copi- 
_ qufly than before. Of this I received about 


e ae, obſerving that one-ſe-, 
a venth 


xz Of fulphurated 
venth of it was fixed air, and the reſt of the 
ſtandard of 1.8, not lambently, but explo- 
fively inſammable. The laſt portions of 
this air were very turbid, and the ſmell of 
the air, and eſpecially chat of the laſt por- 
tion, was very ſulphureous, and, I obſerved, 
tinged the water of a very dark colour, by 
depoſiting in it a quantity of blackiſh matter, 
However, the air itſelf became preſently 
. tranſparent, and had no other appearance 
tan that of any other kind of air, when I 
left in my trough a jar filled with it. 
Having been intent on ſome e per- 
ments, I was ſurpriſed to find, on looking on 
the jar about ten minutes afterwards, that 
it was quite black, ſo that I could ſee no- 
thing in the inſide of it. In order to ob- 
ſerve how it came to be ſo, I afterwards 
filled another jar with this kind of air, 
and obſerved that when the water was 
well ſubſided, black ſpecks began to ap- 
pear in different places, and, extending them- 
ſelves in all directions, at length joined 
each other, till the whole jar was perfectly N 


black, and the mm quite opake. When 
this 
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this was done, I transferred the air to an- 
other clean jar, and it ſoon produced _ 
effect upon this, though it never became ſo 
black as the jar in which it hall been firſt 
received. It alſo frequently happened that 
only the lower part of the jar would become 
black, as if this matter, with which it was 
loaded, had kept ſubfiding, though: inviſibly, 
in the maſs, of air, and occupied the: lower: 
regions of it only, leaving the upper pari 
entirely free from it. When the veſſels thus? 
tinged, black were expoſed to the open air, 
that colour/preſently diſappeared, and yel=: 
low or brown incruſtation was left upon it. 
Thinking, from this circumſtance, that 
this black coating conſiſted of ſome. volatile 
phlogiſtic matter, I 1 the jars; which 
had this black tinge with their mouths in- 
verted in veſſels of water, in order to obſerve 
che effect which che change of colour might | 
have on the common air contained in them- 
In theſe circumſtances. the black tinge pro- 
ſently went off, and was ſucceeded by the 
yellow colour, but without producing au; 
nb Snag. in the air. In ſome caſes, 


however, 


0 _ 
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however, I thought that it was injured; but 
it was by no means fo much ſo as I had ex- 
pected. After depoſiting this black matter, 
the air ſtill retained its ſulphureous ſmell, 
and as Den; * can 5 will 1 never dry 
Jv is by no means the aniverſal property 
of manganeſe to yield this ſulphurated in- 
flammable air, but muſt have been owing to 
ſomething peculiar to this ſpecimen, and 
perhaps to ſomething accidentally mixed 
with it. For When J repeated the experi- 
ment with other manganeſe, which 1 had 
from a glaſs-houſe, in which it is uſed, I 
had no ſuch appearance. From four ounces 
of this manganeſe, treated as the preceding, 
I got without ſteam, 256 ounce meaſures of 
air, of which about one-tenth' was fixed air. 
Then ſending ſteam over it, I got more air, 
but in no great quantity, about ten ounce 
meaſures in an hour; though probably much 
more might have been procured, if the pro- 
ceſs had been continued. This was de- 
pPhlogiſticated; for, mixed with two equal 
an. of nitrous ain, the ſtandard was 
0.28, 


inflammable Air. =. Ke 
| 6.28, which ſhews that it was exceedingly 
pure. But one-tenth'of this was fixed ait, 
as in the former portion, which agrees with 
the experiments I formerly made with this 
ſubſtance when I found that heat alone 
would mm from it a * of ay 4, 
pure air. 8 
The next time hat I: bot this autem 
inflammable air, was as unexpected as the 
preceding; and this experiment was the firſt 
thing that gave me any inſight into the na- 

ture of it. Having oceaſion to make a large 


| quantity of inflammable air, inſtead of freſh 


burnings of iron, I happened to take ſome, 
parts af which had been heated by a burn- 
ing lens in vitriolic acid air, in which, as 1 
have obſerved, it melts with great readineſs, 
and gathers i into balls. When hit lar true | 
diſſolved in diluted oil of vitriol, though . 
there were only a few pieces in the quantity 
that I uſed which had been melted in this 
manner, the water in which the air was 're- 
ceived was very black, and depoſited more 


ſediment than in the experiment with the -' 
Cars cs 11 jars alſo n contained 5 


3 


: of pla 
it were preſentiy black as ink, but became 
yellow when expoſed to the open air. This . 
inflammable air had alſo the lame offentive 
ſalphureous ſmell ; ſo that there could. be | 
no doubt of its being the ſame kind of air 
which I had got from Mr. WovLes's man- 
ganeſe. There was in it, bowever, a wix⸗ 
ture of vitriolic acid alr, as: I perceived x 
when I dane large 52 ntity of it in a 


"44 * 


FP -__ ©, 


that might he produced i in this Reeg. - 
All the infide of the balloon was filled with 

a denſe white cloud, all the time that be 80 
air was burnigg in it, and the water Do. gh 
duced was very. ſenſibly acid. In reality, 
the fame effects were produced. as if ſul- 
phur had been burned in the veſſel. e 


As I bad no "doubt, but that the iron 


which had been melted in vitriolic acid air 
was the ſame as what is called fulphurated 


iron, or iron with which ſulphur 1 is incorpo- 


irrt 


rated, I now. completely aſcertained it bx 
making a. quantity of ſulphurated iron, dip 


1. 4. 


ping it when red-hot into melted ſulphur. 4p 


T This iron, treqjes. as the other N been, mo 
| Wy” Jielded 


6775 


= a 


dl Exiiftly ſuch air as 1670 beet WW: 
— ſo that 1 could have no doubt 
with retpeck to the feal origin of it. 
When 1 decompoſed this air, by ang 
it wich an equal quantity of dephlogiſti- 
cated air, the diminüutfon of bulk ab the 
fame ub wheh 1 uſed the common inflam- 
mable air, ſo that it did not appear to con- 
tain either more or leſs phlogiſton; but 
there was a ſmall quantity of fixed air pro- 
duced, Which is never the caſe with in- 
flammable air procured with oil of vitriol, 
though it is when it is procured ove iron 
with ſpirit'of ſalt. © 
When the ſulphurated inflatable air 
is received in veſſels containing mercury, 
there is very little black matter depoſited 
from it but it appears when it is tranſ⸗ 
ferred into veſſels containing water. e 
Though jars thinly coated with this black 
matter become yellow when expoſed to the' 
open ait, "this is not the caſe with that 
which is collected from the water iti which 
the air has been cotifined;. For when the 
water 1b evaporated” from it, 11 eres to 
Vor. III. M the 
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the evaporating, veſſel, in the form of, a per- 
ſfectly black incruſtation. This ſubſtance, 
though. it does not burg, blue, on a hot 
iron, yet ſhews evident ſigns of containing 
ſulphur. .. Fox when the nitrous  agid has 
taken from it its ſuperfluous phlogiſton, 
it has. it the SNOW jay . ſmell of 
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24.36 d «Mi 10! td 7 917 (hy 4 Hhinelde G 
B EF ORE I proceed to the analyſis.of 
the different kinds of inflamamable/air, 

_ which, is, the ſubject of this ſection, Liſhall 
obſerve, that the pureſt we can Procure 
(wink that from e by; 8 in 


14 


4 fam, ee e 7 — to con 


ee ee, and that nei- 
(11 __ ther 
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ther acid nor li i804 neceſſary ingtedient 
in it i theugh ; whert it is produced by means 
of cither; of tem, A Iwall portion of either 
mays be retaiſſed in itꝭ asg an extraneous 
fubſtance- That this, however; is the caſe, 
has been very clearly ſhewu by Mr. Srxs- 
BIER;\ though I think that the production 
of inſlammable air by means of iron and 
ſteam only, without either acid or alkali, 
ſufficiently, proves chat his hypotheſis of 
inflammable air negeſſarily requiting ſome 
ſaline. baſis cannot be well founded. 
It Was, indeed, my on firſt opinion, 
that inflammable dir conliſte of acid and 
phlegiſtan- After wards I adopted the opi- 
nion of Mr. Kizyyany, via, that it is pure 
phlogiſton in the form of ait, but at pre- 
ſent Lam fully ſatisſiec wWith the opinion 
of Mr. CRVEVDIEA that toner is an eſſen · 
tial ingredient in the conſtitution of this 
kind of air. It may; indeed, appear extra- 
ordinary chat ſince according to the hypo- 
cheſis which at preſent ſeems; to be well 
eſtabliſhed / water itſelf conſiſts of pblo-. 


giſton ns FE air, thi is water 
74 4 | ſhould 


16) be Umnanlyfbnf wiferanr 
ſhould-exiſtvin-inflammable air us an en- 
tial part of it, without! being / reſolved into 
its conſtituent principles: Buto we are as 


yet ignorant of tlie principles of com 
bination and coheſion im the parts which 

compoſe natural ſubſtdnces; much more than 
we'bre with reſpect to the conſtituent parts 
themſelves q though it is very poſſible that 
when we thall have diſcovered tlie lattef 
(in lich great f prog teſtb is making every | 
day) the kniewicdge of this Will de a means 
of throwing! ſome light upon the former? 
ſo chat ure muy be able to tell why atty par- 

tieblar fübſtänce is ſolid or fluid, why it 
exiſts in the form of elaſtic air, wWly metals 0 
are fla fire texture Han ſtones or ful. 
phut, or hy ſome bf the thetals held be 

fo uch Hardef than others, concerning 
which the moſt Knowing among us cannot 
at preſent pretend to form even à plaufible 
conjectarè All That wwe” can f ſay is, tat 
no chere AMReuſty of tbfieviohng how A thing 
can be, öuld be adthitted as an urgurttent 
againſt apy conclüfiöf fairly deduced from 
| proper preini fes. e > eee ben mee, 
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Tpbat oo acid is neeaſſarily contained, or 
at: leaſt in any ſenſi le quantity, either in 
inflammable air, though produced by means 
of acids,” or ini the dephlogiſticatediair of 
the atmoſphere; is evident from the follow 
ing experiment, which I made) with the 
greateſt care. Taking a baſon Which con- 
with the quice of tumſole, 1 placed in it 4 
bent tube of glaſs, which came from a 
veſſel/ containing iron and diluted oil of 2 
mable air, as it iſſued from this tube; ſothat 
it burned exactly like à candle, I placed 
over it an inverted glaſs. jar; ſo that the - 
mien of. Homepages: inthe 2 5 
1 it cont; and when ene 
tinguiſhed, for want of more pure air, I, 
offered the liquor to riſe as high a5 it could 
within the Jar, that it might imbibe hat- 
ever ſhould be dapoſited from the decoms, 
Pon of either of the two kinds of air, 5 
I then took off the jar, changed the air in 
it, and lighting the ſtream of inflammable 
2248705 M 3 air, 
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air, replaced the jar as before. This" 1 did 
till I had decompoſed'a very great quantity 
of the two kinds of air; without perceiving 
the leaſt change in the colour of the liquor, 
which-muſt have been the caſe if any acid 
had entered as a neceſſury conſtituent” part 
into either of the two kinds of air. I alſo 
found no acid whatever in the water which 
was procured by keeping a ſtreams of inflam- 
mable air conſtantly burning in a large glaſs 
balloon, through which the air could cir- 
culate, fo that the flame did not go out. 
Neither was there any acid produced in the 
decompoſition of inflammable and dephlo- 
giſticated air in a ſtrong'cloſe glaſs veſſel. 
_ With reſpect to inflammable air itſelf, 
I have before obſerved, that when ſufficient 
care is taken to free it from any acid vapour 
that may be accidental ly contained in it, it is 
not in the ſmalleſt degree affected by a mix- 
of alkaline air. On the whole, there- 
fore, I have at preſent no doubt but that 
pure inflammable air, though it certainly 
contains water, does not neceſſarily contain 
| wg acid. Yet an acid vapour may be eaſily 
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ſerved is, that ſome of them burn, (with | 


a common fire; whereas: another kind al- 


ways burns with an exp/ofon, making mare | 
or leſs of a report. when a lighted candle is 
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diffuſed avant it, and may perhaps in 
many caſes be obſtinately retained by it, as 
no kind of air ſeems to be capable of ſo 
great a variety of e as ee. 


mahle air iss 


That there are different kinds! of” beck 
mable air, has been obſerved by moſt perſons 


who have made any experiments; on air. he 


That which has been mot . commonly, ob- 


what may be called a Jambent flame, ſome· 
times blue, ſometimes yellow, and ſometimes 
white, like the flame from wogd or coals/in 


dipped into a jar filled with it. Of the 
latter kind is that Which is extracted from 


metals by means of acids, &c. and of the ſor- 


mer kind is that which is expelled from 
wood, coal, and other ſubſtances by heat. 
It has alſo been obſerved, that theſe kinds 
of inflammable air have different ſpeciſic 
gravities, the pureſt kind, or that which is 
n. from iron, &c. being about ten 
M 4 times 


. 
ja] 
11 : 
11 
ot 
i 
* . 
ö 
' 
. 
. 1 
4 | 
* 2344 
31 
| 
IT | 


— — 4 
— 
— — — 


168 — 4 


times lighter than common air, but ſome 
of the other kinds not more than twice as 
n * nenn 690. 9 +4 Al Je da 1910 102 
The cauſe of this difference I once 
8 I thad diſcovered to be the heavier 
kinds of inflammable air, containing a pro- 
portion of fixed air, ſo intimately combined 
with them, ſo as not to be diſcoverable by 
lime water, while the lighteſt kind contain- 
ed no fixed air at all.. This hypotheſis 1 
formed, from decompoſing them with: com- 
mon or dephlogiſticated air, by the electric 
exploſion. For, after the experiment with 
the hbeavier kinds of inflammable air, I -al- 
ways found a quantity of fxedd air in che re- 
ſiduum, but none at all after the experiment 
withithe lighteſt kinda lolgat 
In order to decompoſe any kind of in- 
flammable air, I generally mix it with an 
equal quantity of dephlogiſticated ait, and 
then confine them in a ſtrong glaſo y 
previouſly filled either with water or mer⸗ 
cury, and I make an electric ſpark in ſome 
part of the mixture, by means of wires in- 
ſerteũ through the e of the veſſol and 
280173 | * NM nearly 
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nearly meeting within it. By this proceſs, 
Limagined, that I was able to aſcertain two 
things relating to the conſtitution of diſfer- 


ent kinds of inflammable air, viz. the quan- . 


tity of combined fixed air (as I then thought 
it to be) and likewiſe the relative quantity 
The former appeared by waſhing the air 
with lime water after the exploſion,” and 
obſerving how much of them was abſorbed, 
and thè latter by examining the reſiduum 
with the teſt of nittous air, and obſerving 
tho purity of it. In moſt of | theſe experi- 
ments I made uſe of dephlogiſticated air, in 
preference to oommon air, becauſe I could 
not make ſome kinds of inflammable air to 
explode at all with common air. Otherwiſe 
I chould have preferred this, as being the 
moſt nearly of the ſame quality. However, 
I always noted the degree of purity of the 
dephlogiſticated air that I made uſe of be- 
fore I began any of theſe analyſe. 
Finding, however, that in ſome caſes 
more fixed air was found after the exploſion 
of the two kinds of air, than could poſſibly 


have 
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have been contained in the inflammable air, 
on account of the weight of it, I was fatiſ- 
hed that there muſt have been a real genera- 
tion of it, by an union of the inflammable 
and dephlogiſticated air. It is remarkable, 
however, that ſome kinds of inflammable 
air ſhould ſo readily unite with dephlogiſti- 
cated air, ſo as to make a conſiderable quan- 
tity of fixed air; and that others, treated in 
the ſame manner, ſhould not do this at all; 
and alſo that thoſe which do it ſhould be 
the heavier kinds of inflammable air. This 
is a new and curious e of bee 
tion. FCC THULE DONOR SUD CHASE: 

The pureſt my übte e air 
* that which is extracted from iron, and 
other metals, by a ſolution in the acids, or 
by means of ſteam. One meaſure of this 
kind of air, and one of dephlogiſticated 
(äuch as that, when mixed with two equal 
quantities of nittous air, there remained 
0.72 of a meaſure) exploded together in. the 
manner deſcribed” above, were reduced to 
0.6 of a meaſure, no fixed air. was found in 
. müdung. and when examined with an 

equal 


ter, they were reduced to 1.2. Conſequently 
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equal quantity of nitrous Pa een 
to o. 8 of a meaſure. 19. 06199774 6h neo 

Wich the ſame dephlogiſticated air Tex- | 
amined inflamitnable air that had been got 
from a mixture of finery inder and char- 
coal; and found, that after the" exploſion, 
the two meaſures were reduced only to 
1.85, but that by waſhing in the lime wa- 


0.65 of à meaſure of fixed air had been ge- 


erated in the proceſs. When this was ſe- 
parated from it, and the remainder examin- 
ed by nitrous air, it appeared to be of the 
ſtandard of o. 9; ſo that the dephlogiſti- 
cated air had been more injured by this than 
by an equal quantity of the common in- 
flammable air, though 3 in ws 
Tau was not conſiderable.” | 


In another proceſs with this kind of in- 


flammable air, the diminution after the ex- 
ploſion was to 1455, and that after the 
- waſhing in lime water to 0.65 of a mea- 
ſure; ſo that there had been a genera- 
| tion of 0.9 of a meaſure of fixed air. In 


another experiment the” firſt diminution 
* | | was 


17a "The dnalyfangf aifferon 
was to 16, andi the ſecond o, 66. ſo that, 
0.94 of a meaſute of fixed ait had ben 
ptoduced. And laſtiy, in another proceſs, 
the fixſt diminution was to 1.6, and the ſes; 
cond, to o. of a meaſure; ſo that there 
was a generation of one complete meaſure of 
fixed air, and this was, a clear proof that it 
could not have been cantained in a combined 
ſtate, as I at firſt imagined, in the inflam- 
mable air; ſince then it muſt have been 
much beavier than I had ever found it to 
be; for though. J found the ſpecif > gravity 
off it $0 be ſomething different at different 
times (and the preceding experiments were 
made with the air of different proceſſes) Thad 
never found that 40 ounces meaſure of this | 
air: Was more than 2 grains heavier than 
an equal bulk of eommon air WWW. 
This, indeed, is a temarkable airecum- | 
ſtance with reſpect to a ſpecies of inflamma#s | 
ble air, as it does not appear by the teſt of 
lime water to contain any fixed Air but it 
ought to have weighed more than one- half 
heavier than common air, to have actually 
contained in combination all the fi ved air 
Mass 1 Go that 


Re 


that I found after itoexpliſidn withithe de» | 
phlogiſticated air. Indeed) if any quantity 
of inflammable air; of about the ſamo ſpeci· 
fie gravity with common air (which is the 
caſe with that ſpecies oſit which I am now 
confidering) yield ſo much as ſeven-tenths 
of its bull of fixed airꝶ an don ſequente of 
its exploſion with dephlogiſticated air, it s 
a proof that at leaſt part of that fixed/air was 
generated in the proceſs, becauſe ſeven/tenths 
of ſuch fed air would! weigh more thay 
the whole meaſure of the inſammable air. 
Inflammable air from ſpirit of wine (made 
by tranſmitting it in vapour through a red 
Ven, eee being analyſed, in the 
manner above mentioned, one meaſure of it, 
e this fame dephogiſticated air that © 
was uſed in the former experiment, were 
reduced to one meaſure, and by waſhing in 
lime water to ol of a meaſure; ſo that font- 
tenths of its bulk of fixed air had been ge- 
nerated in the proceſs. The ſtandard of ines 
reſiduum Was 1.7; ſo that the dephlogiſti- 
cated ait had been injured much more than 
in either of the former proceſles, and conie 
ab? - quently © 
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periments with this, as well. as with:ſomie 


In another proceſs with this kind of air the 


Having procured a quantity of inflamc 


quently:it muſt have contained more phlos 
| giſtons;: rar Hy what 320m $143 an vihilvet 0 
I found conſiderable variations in the ex- 


other kinds of inflammable air. bor, in 
another proceſs/ in uhich ithe earthenl tube 
had been filled with bits of orucibles (in 
order to expoſe more red ſurface tothe va- 
pour of the ſpitit of wine) the: firſt tliminu - 
tion was to 1.6% the ſecond toi 1. and 
the ſtandard of vthe reſiduum was 1784 


firſt diminution Was to 1.2, and the ſecond 


to o 03: bee bee rw; irt. vd 


mable air, by tranſmitting ſteam over red 


hot platina, 1 analyſed it in the ſame man- 


ner, and found that the two meaſures were 
reduced by the ex ploſion to o. 72. It con- 
rained no fixed air,; and the reſiduum was of 
the ſtandard of o. 9 At 2 ner 
Inflammable air, procured by making 


ſteam paſs over melted brimſtone, being ex 
amined i in the ſame manner, the firſt dimi⸗ 


nution Was to 0:6, and no fixed air was 
IAN] found 
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found in it. In this reſpect it ſeems to 
have been the ſame thing with inflammable 
duum was 0:95 ;'-10: that it ſeems to have 
contained more phlogiſton. But I have 
found the ſtandard of this reſiduum ſub- 
ject to conſiderable. variations, ſuch a8. 1 
could not well account fo. 
Iaflammable air procured in chef 
manner from melted aſenit, appeared to be 
very different from that whieh was extracted 

from brimſtone. For the two meaſures 
were reduced by the exploſion to 1,45; and 
by. waſhing with lime water, to 9.956 ip 
that one fifth of its bulk of fixed, ait had 
been generated. The ſtandard of the reſi, 
dunme Man et ee eee 
At the ſame time I examined ſome in- 
flammable air, that had been made by heating 
bits of erueibles in allaline air. and found 
that the two meaſures were reduced by the 
exploſion, to [0.96 of a meaſure, that the 
reſiduum gontaiged no fixed air, and, Was 
_ of; bene n i til heunut 
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The inflammable air that is made from 
æuben, by tranſmitting the vapour of it 
through a red hot carthen tube, very 
much reſembles that h ich is got from 
ſpirit of wine. The two - meaſures were 


reduced by the exploſion to 1. 36, and by 


waſhing in water to 12; ſo that 0.16 of a 


meaſure of fixed air had been generated, and 


the reſiduum was of the ſtandard of 1.9. 


lalammable air procured by tranſmitting 


ſteam over red hot charvoal of metals, in the 
ſame manner as it is got from other char- 
coal, produces a -confiderable quantity of 
fixed air. For when the experiment was 
made with this air, the firſt diminution was 
to 1.12, and the ſecond to o.8; ſo that 
0.32 of a meaſure of fixed air was generated, 
and the ſtandard of the reſiduum was 1.9. 
This analyſis was of the firſt portion that 
came in the proceſs. The ſecond was ſome - 
thing different. For with this, the firſt di- 


minution was to 1. o, and the ſecond to 0.75, z 


the reſiduum being the ſame as before, viz. 
J 9: Thirty ounce meaſures of this air 
weighed 


- 
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weighed 8 grains les than en ee bulk ef 
common air. 2 Jt „re 


e ede ee e cal, 
or the charcoal of -pitcoal produced by 15 
ſteam, the rt diminution was: to K. 1%, and 
the ſecond to 0:95); ſo that one fifth of ts 
bulk of fixed ait was generated. The ſtan- 
dard of the reſiduum was 1.9. But d muſt 
obſerve, that the dephlogiſticated air with 
which this experiment was made, was ſo 
impure as hardly to deſerve the name. For 
two mæaſures of nitrous air and one of this, 
occupied the ſpace of two meaſures. But 
this ir cim not affett the quan- 
tity of fed air generated eee 
Thirty ounce meaſures of this air weighed 
ten grains leſs nne com- 
mon air. unn bum 2117 29 4 baghnet lt bus 
Analyzing the inflammable air that wan 
produced in the ſame manner from pirir of” * 
turpentine, the firſt” diminution wðas to 
1. 7, and the ſecond to 1.6 fo chat only con 
one tenth of fixed ait was ptoduced. e 
reſiduum᷑ ws of the ſtandard of x. gi” Thirty 
ouncd aneifures of this air weighed eight 
"Ve o. III. > WF. grains 


air. 
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grains leſs than an equal bulk of common 


When the vapour of ſpicit 5 wine was 
made to paſs over melted metals, inflam- 


mable air was produced from it juſt as if 
no metals had been concerned; but when 
I examined the air that was procured in 


this manner, it did not appear to be quite 


the ſame with that which came from pure 


ſpirit of wine. Analyzing the air that was 


produced in a proceſs with copper, the firſt 
| diminution was to 1.7, the ſecond to 
1. 56, and the ſtandard of the reſiduum was 
1.78. Thirty ounce meaſures of this air 


weighed. ſeven grains leſs than an equal 
bulk of common air. 2 N 84 


In another proceſs with inflammable air, 
procured in this manner, the firſt diminu- 
tion was to 1.55, the ſecond to 1.48, and 

the reſiduum was of the ſtandard of 1.86. 


Thirty ounce meaſures of this air weighed 


84 grains leſs than an equal bulk of com- 


mon air. This air, it is obſervable, pro- 
duced much leſs fixed air than the other, 
and it was alſo ſpecizcally lighter than it. 


When 
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When this proceſs was made with the 


air procured by tranſmitting vapour of ſpi- 
rit of wine over melted fi/ver, the firſt di- 
minution was to 1. 9, the ſecond to 1. 78, 
and the ſtandard of the reſiduum was 1.9. 


Thirty ounce meaſures of this air weighed 
eight grains leſs than an equal. bulk of 


common air. 


In the analyſis of the air 1 by 
this proceſs from lead, the firſt diminu- 


tion was to 1.78, the ſecond to 1.6, and 
the ſtandard of the reſiduum was 1.78. 


I examined, at the ſame time, inflammable - 


air procured from bones, and alſo from 
charcoal, viz. by tranſmitting ſteam over 
them when they were red hot in earthen 


tubes, when all air had been previouſly ex- 
pelled from them. by heat. With the for- 
mer, the firſt diminution was to 0.67, and 
the ſecond to 0.58; ſo that the fixed air 
produced was extremely i inconſiderable, viz. 


only o. og of an-ounce meaſure. The ſtan- 


dard of the reſiduum was 1.47. In the 


experiment with the air from charcoal, the 
| firſt diminution was to 1.5, and the ſecond 


N 2 to 


6 
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to o. 74; ſo that the fixed air was 0.76, and 


the ſtandard of the reſiduum was 1.7. From 


this experiment it may be inferred, as 
mentioned , before, that inflammable air 
from FOO is a kind of medium. between 


that from metals, and that from charcoal. 


In another proceſs with air from charcoal, 
the firſt diminution was to 0.82, and the 
ſecond to 0.63, and 00 ſtandard of 1. 10 
duum was 1.37. 

I made the following experiment to 5 
certain how much phlogiſton is contained 
in inflammable air from charcoal. In five 
bunce meaſures of this kind of air, I res 
vived lead from maſſicot till it was reduced 
to three fourths of an ounce meaſure, when 


the lead revived weighed ten grains, and 


there remained one ounce meaſure of fixed 
air. But the minium OR K a _ 
fixed air. 
It is chlivadte: that when a 1s 
heated in an earthen retort; the firſt air that 
comes over is conſiderably different from 
that which comes in the middle, or at the 
end of the A Indeed the propercics of 

| 1 
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it are continually changing during the whole 


proceſs. The firſt portion burns with a 
lambent white flame, like that from burn- 
ing wood in an open fire; afterwards the 
flame is blue, and towards the end of the 
proceſs it is confiderably exploſive, almoſt 
like air from iron. Alſo the air that comes 
over firſt is very turbid, owing perhaps, to 

oily, and other matters, 4 are en, 


volatile by heat. 
Having procured air from 4 beech- 


: wood! I examined; in the method'deſcribed 


above, the firſt portion of it, and alſo one 
of the middle ones. The former 1 found 
to contain 4+ tenths of its bulk of uncom- 
bined fixed air, the ſecond portion only two 
tenths. Afterwards it is well known that 
air procured in this manner ceaſes to have 
any uncombined fixed air in it. 

When TI examined the firſt portion of air, 


after the uncombined fixed air had been 


ſeparated from it, the firſt diminution was 
to 1.36, and the ſecond to 0.9; ſo that 
0.46 of a meaſure of fixed air was generated, 
and the ſtandard of the reſiduum was 1.9. 
72 ; * 3 F 8 When 
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When the ſecond portion was examined, 
after the uncombined fixed air was like. 
wiſe ſeparated from it, the firſt diminution 
was to 1.66, and the ſecond to 1.46; fo 
that the fixed air generated in the proceſs, 


was 0.2 of a meaſure, that is, leſs than in 


the former experiment, and in nearly the 
ſame proportion as the uncombined fixed 
air had been. The ſtandard of the refiduum 
in this laſt caſe was (1.15. At the fame 
time repeating the experiment with the 
ſame dephlogiſticated air and inflammable 
air from iron, the diminution after the ex- 
ploſion was to 0.55, and the ſtandard of 
the reſiduum was 1,48, which is the uſual 


reſult of the decompoſition of inflammable 


and dephlogiſticated air, when both of 


them are as pure as they are generally pro- | 


cured. 


There was a — quantity of fixed air 


produced by the decompoſition of ſome 
inflammable air extracted from ſome rich 


moldein a gun- barrel, which Mr. YounG 
was ſo obliging as to ſend me. It burned 
with a lambent blue dame, and had a pe- 


culiarly 
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culiarly offenſive ſmell, the ſame, as he ob- 


ſerves to me, that is yielded by air pro- 
cured from putrid 'vegetables. Of this air 
one twentieth part is uncombined fixed air. 
When this was ſeparated from it, and the. 
remainder ' decompoſed with dephlogiſti- 
cated air, the firſt diminution was to 1.4, 
and the ſecond to 0.67; ſo that there was 
a generation of 0:73 of a meaſure of fixed air. 
The reſiduum was of the ſtandard of 0.6. 
The inflammable air that is procured. 
from , caſt iron has a peculiarly offenſive 
ſmell. On this account I had imagined 
that it might contain more phlogiſton than 
common inflammable air, ſo as to abſorb 


more dephlogiſticated air than the other. 


But this did not appear to be the fact. For 


when I mixed one meaſure of each of the 
kinds of inflammable air with four mea- 


ſures of common air, the diminution after 

the exploſion, was the n ag ms both, 

Ng. 0 66. | 
Though I think it to be e 


able, from the preceding experiments, that 
| part. at leaſt of the fixed air which is found 
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on the decompoſition of lambent iriflatin 


mable air is generated in the proceſs ; yet, 


in another experiment that I made; it ſhould 
ſeem that fixed air, or the elements, as we 


may ſay, of fixed air, may enter into the 
compoſition of inflammable air, and ac- 
tually remain there, without being . 
coverable by lime-water. 

I took a quantity of ted Fug which 


had been long kept cloſe corked in a bottle, 
and found that when'it was heated in an 


earthen retort, it gave air, of which one 


fifth was for the moſ part fixed air; but 


in the gun-barrel the ſame lime yielded 


no fixed air at all, but a great quantity of 


pure inflammable air, of the exploſive kind, 
like that which is got from iron alone with 
water. That the water in ſlaked lime wilt 
enable the iron of the guti-barrel to yield 
inflammable air cannot he queſtioned, but 
then what became ef the fixed air which 
the ſame lime ant have Na dds an 
earthen retort? 1 

This erperment appearing rather extra- 
ordinary, I repeated it, with all the atten - 
GY | tion 
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tion I could give to it, and had the follows 
ing reſult. | I heated three ounces of ſlaked 
lime (but which had been ſome time ex-. 
poſed to the open ait) in an earthen tube, 
and got from it 14 ounce meaſures of air, 
of which only 2 meaſures remained unab- 
ſorbed by water, all the reſt being fixed air. 
This reſiduum was ſlightly inflammable, 
but not perfectly phlogiſticated. For, ex- 
amining it with the teſt of nitrous 0 Av 
ane nn - - 

Immediately after this 1 heated Aböther 
three ounces of the fame flaked lime in a 
gun barrel, and got from it about 20 ounce 
meaſures of air, of which no part was fixed 
air, but all inflammable. I expected, how- 
erer, to have found fixed air on the decom- 
poſition of this inflammable air with de- 
phblogiſticated air; but after this proceſs it 
uppeared to be exactly ſuch inflammable air 
as is procured from metals by the minefal 
acids, or rather by ſteam. For the dimi- 
nution of the two kinds of air was the 
ſame, and though there was ſome appearance 


of fixed air in the refiduum, it was not {6 
| much 
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much as is found after the decompoſition 
of the inflammable air that is procured by 


means of ſpirit of ſalt. In this caſe, there- | 


fore, there are no leſs than 114 ounce mea» 
ſures of fixed air abſolutely unaccounted for, 
unleſs it- be ſuppoſed that it was reſolved 
into its conſtituent principles, phlogiſton 
or dephlogiſticated air, and that the latter 
was decompoſed as it was produced. This, 
therefore, I think muſt have been the caſe. 
Thinking that the two kinds of air might 
incorporate. when one of them was gene- 


rated within the other, I filled a gun barrel 


previouſly full of mercury with fixed air, 
and put the cloſed part of it-into a. hot fire, 


Inflammable air was accordingly produced, 


but when the fixed air was ſeparated from 
it, it exploded juſt like namely air from 
iron only. 1 

J made an experiment ſomething Gimilar 


to this, by heating iron turnings in five 


ounce meaſures of fixed air, when the quan- 
tity of it was increaſed about one ounce mea- 


"ſure, and there remained 1 and 4 of an ounce 
- meaſure unabſorbed by water. This was in- 


flammable, 
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a and burned with a lambent blue 
flame, not like inflammable air from i iron. 
It ſhould ſeem, therefore, that in this ex- 
periment, 2 of an ounce meaſure of inflam- 
mable air had been formed by the union of 
the fixed air with the phlogiſton from the 
iron, This experiment I repeated with the 
| ſame reſult, and I farther obſerved, that 
though the inflammable air procured in this 
manner did not appear, by the teſt of lime 
water, to contain any fixed air, yet when 
it was decompoſed, by being fired together 
with an equal quantity of dephlogiſticated + 
air, fixed air was found in the reſiduum. 
For the firſt diminution was-to 1.45, and, 
one-third of this reſiduum was fixed. air. 
F rom this fact it ſhould ſcem that, though 
the decompoſition of E and de- 
© phlogiſticated air, yet that inflammable air, 
when thus produced in contact with fixed 
air, may combine with it, ſo as to be properly 
contained in it, and in ſuch a manner, as that 
it cannot be diſcovered by lime water. 5 
Ialſo 
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1 dio obſerved, after Mr. Murnzxir, 
that though no fixed alr be found on the 
decompoſition of dephlogiſticated air wit 
inflammable air procured by means of oil 
of vitriol, a ſmall quantity is produced 
when the inflammable air is procured by 
means of ſpirit of ſalt. I did not find, 
however, more than a fortieth part of the 
reſiduum to be fixed air, when I decom- 
poſed equal gupnit of the two kinds of 
air. 
I found ſome appearance of fixed air, "bai 
even leſs than in the laſt- mentioned expe- 
riment, when I heated red precipitate in 
in flammable air procured by means of ſpirit | 
of ſalt. For there was a light turbid ap- 
pearance in the lime water to Which it was 
admitted, but I could not meaſure any cer- 
tain diminution of bulk from agiration, as 


in the other caſe. 


5 
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ar alkaline air contains ol 
appears both by the calces of metals 
being revived in it, and by its being con- 
verted into a ſpecies of inflammable air, by 
the electric exploſion, and other proceſſes. 
By the following experiments it ſeems to 
contain leſs phlogiſton than an equal bulk 
of inflammable air from iron, and about 
one-fourth of its bulk of phlogiſticated air. 
But it is not poſſible to aſcertain this with 
perfect exactneſs, from the nature of the 
proceſſes. I ſhall therefore recite the ex- 
periments in the order in which they were 
made, ſome of them —_— GRO a 
leſs accurate. 
I firſt As that 1 ins which | 
I uſed in ſome of theſe experiments, con- 
_ tained a portion of fixed air, which could 
1 be — from it by heat; but when T . 
I . melted 
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melted it in alkaline air, by which means 


the lead was always revived, I found no 


fixed air in the reſiduum, but only pure 


phlogiſticated air. This, however, is eaſily 
accounted for, as the alkaline air would 


immediately unite with any fixed air that 


ſhould be ſet looſe in the proceſs. a 
With reſpect to the quantity of lead re- 


vived in alkaline air, it is difficult to be 


aſcertained, on two accounts. In the firſt 
place, ſome of the calx is blackened, and 


imperfectly revived ; and again, if particu- 
lar care be not taken, the lead that is re- 
vived will be diſſolved in the mercury, by 
which the air muſt neceſſarily be confined. 


To prevent this laſt inconvenience, I put 


: the. powdered maſſicot into ſmall earthen 


cups, which I contrived to place with their 


mouths. upwards, ſo that when the lead 
was revived, by means of a burning lens, it 


would remain in the cup, and not mix with . 
the mercury by which it was ſupported. 

\ On: theſe accounts, however, the largeſt 
quantity of lead that was revived muſt al- 
ways be conſidered as neareſt the truth. 
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In three ounce meaſures of alkaline air, 
I firſt revived fix grains of lead, then in 3+ 
16 grains, in 24 13 grains, and in 34 12 


grains. In five ounce meaſures I revived 


10 grains, beſides blackening a quantity of 
it, and there remained one ounce meaſure of 
phlogiſticated air. But the experiment 


which I made with the moſt care, and on 


which I place the greateſt W was 
the following. 


In 74 ounce. ——— of alkaline air, 1 


revived 264 grains of lead, and there re- 


mained 24 ounce meaſures of phlogiſticat- 
ed air, In this proportion 100 - ounce 


meaſures of alkaline air would revive 352 


grains of lead; whereas 100 ounce meaſures 
of inflammable air from iron would revive 


480 grains of lead. But alkaline air is re- 


ſolyable into conſiderably more than'twice 


its bulk of inflammable air, and therefore 5 


it might have been expected that it would 
have revived much more lead. Would it 


not, therefore follow from this, that phlo- 


WF. 


giſticated air contains a very great quantity 


of phlogiſton, many times more than an 
equal 


* 


Wy 


lead in 
count of ſome that were made with other - 
calces, heating them all, when confined by 
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equal bulk of pure inflammable air. Sup- 
poſing alkaline air to be reſolvable into no 


more than twice its bulk of inflammable air, 


a hundred ounce meaſures of it ought to 
revive 960 grains of lead. But in the pro- 


portion mentioned above, it would revive 
no more than 608 grains. As much phlo- 
giſton, therefore, as would revive 342 grains 

of lead (which is the difference between 
theſe two numbers) ſhould be contained in 


about 25 ounce meaſures of phlogiſticated 


air. Conſequently 100 ounce meaſures of 


phlogiſticated air would revive 1368.grains 
of lead, which is more than twice as much 
as an equal quantity of pure inflammable 
air would revive... It muſt, however, be 


conſidered, that the inflammable air, into 


which alkaline air is reſolvable, is not the 
ſame with that which is procured from i iron, 
and may contain much leſs phlogiſton. 

To theſe experiments, on the revival of 
kaline air, I ſhall ſubjoin an ac- 


this ar, by means 1 a burning he 
: Glaſs 


dd 
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| Glaſs of antimony abſorbed a part of the ; 
alkaline air, and there was the appearance 


of metal in ſeveral ſmall globules, whereas 


I could' get no ſuch appearance from the. | 
fame ſubſtance'in inflammable n 


By heating ſcales of iron in alkaline air; 
it was much increaſed in quantity, and then 
I found it to contain no fixed air, but the 
whole was ſtrongly inflammable,” No wa- 
ter was produced in this proceſs. The iron 
was revived, being perfectly ſoluble in di- 
luted bil of vittiol; and from being 24 | 
grains had loſt one grain in weighgt. 
As alkaline air evidently contains phlo- 
giſton, and'as-ſuch was capable of reviving | 
lead, and no doubt the other metals, I had 
the curioſity to make uſe of it in other cir- 
cumſtances in which I had before uſed in- 
flammable air; and among other things I 
tried the effect of heating red precipitate in 


it. That the mercury ſhould be revived in 


this proceſs is nothing extraordinary, be- 
cauſe it will be revived from the ſame ſub- 
ſtance in any kind of air, and even in vacuo, 
the heat applied to it expelling from it the 

33 dephlo- 
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dephlogiſticated.. Air. Which, it contains. 
But there is one ircumſtanch attending this 
experiment hich 13 Cannot 


account for, .. At the, fame time. chat the 


metal reviyes,  Acondiderable quantity of Wa: 
ter is produced, whereas little or none is 
found when che ſame ſubſtance is reyiyed 
in inſlammable air. It bas even run dawn 
in drops in the inſide of a veſſal which con- 
tained about fiye Qunces. meaſures of, the 
air. The air which remained, after, this 
proceſs yas about half as much as the ori: 
ginal quantity of alkaline air, and it had un 
it a quantity of undecompoſed dephlogiſti- 
cated air. For with two equal meaſuzes,.af 
nitrous air, the. ſtandard of it was 3,4, and 
there was nothing inflammable in 1 Me 01 
Again, I threw the focus of the lens upon 
red precipitate, in alkaline. air, till three 
meaſures of it were reduced to two. Water 


was produced in the proceſs, and the air 


that remained was conſiderably dephlogifti- 
cated ; the ſtandard of it, with a mixture of 
two equal meaſures of nitrous air, = being 
_ 


But 


oo OMEN uh 
But in atlother br pettinevit f the Lind, 
there muſt dene bad © Yuaiſtity' of ia. 
mable air fer 161k from the Alkaline Ar, as 
well as deplogiſticated air from the red pre- 
cipitate; becavſe; after the operation had co 
tinued ſome time, chere Was a violent explo⸗ 
ſion within the veſſel; which threw it many 
feet perpendicularly into the open air, 48 1 
was holding it in my hands. In this $"expe- 
riment I had been particularly careful" to 
make every thing concerned in'it as dry 46 
I poflibly' could, in order to ſatisfy myſelf 
with reſpect to the production of the al 
which 1 had found before; and thete was 
time enough before the exploſion to obſerve 
that water was certainly produced in the 


proceſs. To appearance the q 10 ef 
air was never much diminiſned. 


That water ſhould be produced ilch 2 


the ſcales of iron are heated in alkaline air, 
which I found to be the caſe, is not extra- 
ordinary, as the ſame is found on heating 
this ſubſtance in inflammable air; and it 


appears to contain within itſelf the water 


that is expelled from it. Alſo though, in 
| O 2 the 
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the experiment with red precipitate and al- 
kaline air, neither of the ſubſtances contain 
the water; yet each of the elements of water 
are contained in them, viz. the dephlogiſti- 
cated air in the red precipitate, and the 
phlogiſton in the alkaline air. But the dif- 
ficulty is how to account for the formation 
of water in this caſe, and the non- formation 
of it when inflammable air is uſed. The 
difference of circumſtances in the two caſes 
is, that the inflammable air is ready formed 
in the one caſe, whereas the elements of it 
only are contained in the alkaline air. But 
how this difference in the circumſtances 
ſhould occaſion this difference in the reſult 
I cannot tell; ſo that this, together with 
many other things, muſt remain to be in- 
Werne by future experiments. 
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of the Converſion of Altaline Air into a. 
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FORMERLY found that, by cali the 
electric ſp ark in alkaline air, a very re- 
markable Wat was made in it, as from 
being a ſpecies of air'moſt readily abſorbed. 
by water, it became immiſcible in water, 
bein g proper inflammable air, and nearly 
three times its former bulk. I had then 
only obſerved the ſimple fac, but had made 
no progreſs in the inveſtigation of the cauſe, 
I have fince made a few ſteps towards it, 
and have found that the change is pro- 
duced by beat. But in what manner it ope- 
rates to produce this effect remains to be 
<0 into, 1 
When I reflected upon this ahi of the 
alkaline: air by the electric exploſion, - I 
conſidered that it might be produced either 
57 nt as ſuch, or by the light, or the 
O 3 Heat, 


5 
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heat, which accompany the experiment. 
In order to try the effect of light, 1 expoſed 
a ſmall quantity of alkaline air to a ſtrong 
light made by a burning lens, for ſeveral 
hours, But this made no ſenſible change in 
the quantity of it, I therefore, concluded 
that the E —_ in . e was 
nor b 1077 
I did not iminediately vides to tey the | 
effect of heat, but obſerved it by accident 
ſome time afterwards, in the following 
manner. At the time that I was reviving 
metals in inflammable and alkaline air, 1 
put à quantity of ochre into the latter, ex- 
pecting to revive it in the form of iron; 
and in this 1 ſeemed to" ſucceed, as the 
ochre became black in the courſe of the 
proceſs. But what ſtruck me the moſt was. 
that inſtead” of Perceiving the quantity of 
ir to decreaſe, as I had expected, there was 
very ſoon ; a viſible increaſe of it. Examin- 
| i= the ar, 1 found it to contain no fixed 
| Air, and to be all ſtrongly inflammable. 
Still attending to other circumſtances be- 
| fides the change of the alkaline air, I pro- 
1 ceeded 


"a 
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eceded to heat in it ſcales of iron; and/iron 


itſelf, of different kinds, and ſill found that 
the air was | increaſed in quantity, and 
changed in its quality. But in this way I 


could never inereaſe the bulk of the air 


more than twice, and ſeldom quite ſo 
much. Alſo, after the proceſs, when I 
could make no farther change in the air, I 
ſtill perceived a very ſtrong ſmell of volatile 
| alkali. The iron had undergane no change 
that I could diſcover, fo that I, concluded 
chat the air had been affected by means of 
beat only. e bat Foro dA I e 

To afcertain, this,” 1 then: proceeded to 


bles, or of earthen netarts, which had been 
juſt before ex poſed to very great; heats, (0 
that they could not be ſuppoſed to give out 
any air in this proceſs, and therefore. could 
only ſerve: to. produce a ſtrong heat in the 
alkaline air. The reſult, ſeemed to con- 
firm my ſuppoſition, For in theſe experi, 
ments with earthy ſubſtances the effect was 
always the ſame as when Thad made uſe of 
ochre or iron. The air was, increaſed in 

WEL O 4 | . 3 


heat in the alkaline, air bits, of dry eruci- 
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bulk, but the quantity not * wants | 
and it was become inflammable. 
The bits of white earthen ware N 
always become hᷣlach in this proceſs, I ſuſ- 


| pected that this kind of ſubſtance might 


have affected the air in ſome other way than 
by merely communicating heat to it, To 
try this, I uſed the ſame ſmall bit of cru- 
cible again and again, and finding the ſame 
effect from heating it at the laſt, as at the 
firſt, I could not help concluding that the 
change produced in the air had been effected 
by means of beat only. 4» 

In all theſe experiments, a Haake | 
was a ſtrong lig bt as well as an intenſe heat 
concerned. In order to aſcertain, there- 
fore, whether the light, at leaſt in con- 
junction with heat, might not have had 
ſome effect in this change of the air, I 
heated a quantity of it in a coated green 
glaſs retort. The mouth of the retort was 
plunged in a baſon of mercury, and I re- 
ceived in a glaſs tube filled with water all 
the air that was driven out of the retort 
by bead, At firſt it was al abſorbed by the 


t i 1 Water 7 
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| water, being merely alkaline air expelled 


by rarefaction. But when I concluded 
that the bulb of the retort was become 
red- hot, the bubbles that were driven out 
were not wholly abſorbed by water, and 
by degrees no part of them was abſorbed, 
This air I examined, and found it to be 


inflammable. The "retort was. melted in : 
the proceſs, ſo that I could not examine 


the air that remained in it; but my purpoſe 
was ſufficiently anſwered, as I ſaw no room 
to doubt, but that the change of the alka- 
line into inflammable air was produced by 
mere heat, without the aid of light, if a red 
heat can be ſo termed. How the heat _ 
rates in this caſe I cannot tell. 

It was obſervable, that inlet . 
ane alkaline air into inflammable, by 
heating in it bits of crueibles or retorts, 
into the compoſition of whieh clay enters, 
they always became black. There was 
room, therefore, to ſuppoſe that it was not 
by means of mere heat that this change was 
made, but that ſomething might be depo- 
ſited from the air, which might attach it- 

ſelf 
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ſelf to the clay. Indeed, if this was not 


the caſe, I do not ſee why the clay ſhould 


become black; though, perhaps, part of 


the ſame phlogiſton which forms the in- 
flammable air may be attracted by the red- 


hot clay, without there being any Hooper 


| decompoſition of the air. 


That this is the caſe, ſeems probable 
from an experiment in which I uſed white 
porcelain, inſtead. of bits of earthen ware, 
into the compoſition of which clay enters. 
For this ſubſtance did not become black in 
the proceſs, and yet inflammable air. was 
produced. But I muſt obſerve, that a con- 
ſiderable time was requiſite to produce this 
effect in theſe circumſtances, and that it was 
not much inflammable air that I was able 
to precure in this way, It was, however, 
in wiater, and the heat that I could lr 
was not great. | N 40 
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N ſome of my former publications 1 ob- 
ſerved; that iron which had long ruſted 
in nitrous air, gave out a ftrong ſmell of 
volatile alkalf. I have repeatedly obſerved 
the ſame fince that time; and alſo ſome 
other curious particulars relating to dhe 
experiment. 
In all the caſes in which 1 had before 
obſerved this ſmell of volatile alkali, the 
iron had been expoſed to the nitrous air a 
very long time. But this effect is pro- 
duced much ſooner by putting the iron 
into a weak ſolution of copper in the ni- 
trous acid, ſuch as remains after making 
nitrous air, and ſuch as I now commonly 
uſe in order to procure dephlogiſticated ni- 
trous air, A phial containing ſome of this 
ws : | iron, 
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iron, which had been uſed not more than 
once for this laſt mentioned purpoſe, hav- 
ing been kept cloſe corked about two 


- months, was accidentally broken ; when 


ſome pieces of the iron were found covered 
with a green ruſt, and theſe had a frong 
ſmell of volatile alkali. 


Time, however, is requiſite to produce 


this effect. I put ſome of this iron (which 


was of the turnings) moiſt, from a' ſolution 


of copper in the nitrous acid, into a phial ; 1 


and ſtopping it cloſe, left it to ſtand with 
its mouth immerſed in water. At that time | 
it had no ſmell, nor had it any a month 
afterwards; but examining it again after 
two months, the n of 1 85 alkali Was 
pretty ſtrong. 4 | 
Having, in an nay ia of my experts 


ments, been much ſtruck with the change 


of nitrous air, in conſequence of the con- 
tat of iron, . I kept ſeveral large bottles 
filled with ſmall pieces of iron, which I 


occaſionally ſupplied with nitrous air. The 


bottles ſhould be ſtrong ones, becauſe the 
iron in ruſting, ſwells, and is apt to break. 
the 


f | 


the phials, though I do not know that this 
ever ene except when the iron was 
quite dry. The conſequence of expoſing 
nitrous air in this manner had always been, 

in the firſt-place, a diminution of ſomething 
more than one- third of the quantity of it, 
in which ſtate: a candle would burn in it 

with an enlarged flame; and when well 
waſhed in water it would be farther: dimi -. 
niſned about one half, when the remainder 


would be phlogiſticated air. I had never 3 


obſerved any increaſe of air in theſe bottles, 
though ſome of them had been uſed a long 
time. But having neglected one of them 

about a year (though the mouth of it had 

always been kept immerſed in water) I ca- 
ſually obſerved, in the courſe of laſt ſum- 
mer, that bubbles of air occaſionally iſſued 
from it. This ſurprized me very much, 
as I imagined it had not been half filled 
with air; and placing a veſſel to receive 
theſe bubbles, in about a week or ten days, 
I got about the quantity of an ounce mea- 
ſure. It contained no fixed air, but was all. 


ſtrongly 
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ſtrongly inflammable, and when analyzed it, 
it appeared to be of that eee 
Alkaline air is converted by heat. 7 
It ſeems as if the phlogiſtcated air which 
is ultimately produced in this proceſs, had 
been decompoſed in theſe circumſtances, ſo 
as to form this inflammable air, but on what 
e this ſhould take place, I cannot 
In 9 51 to make a compariſon 1 
| "oak inflammable, air produced; from this 
bottle, and that which had been made from 
alkaline air, I exploded equal meaſures of 
each of them with equal quantities of the 
ſame dephlogiſticated air, the ſtandard of 
wich was o.g. When I made the explo- 
fion with the inflammable air from al- 
kali, the firft diminution was tb 1. 2, and 
with that from the bottle it was 1.1, Of 
the former refiduam the ſtandard was 1. 13 
and. of the latter o. 986. Neither of them 
contained any portion of fixed air. On the 
whole; the reſemblance between theſe two 
| _ of air was ſo great, and the difference 


between 


— 


\ 


eee ne bfg, dog 


a. 0 ſmall, thas: Jy | 
ann re a 


44. 
» * y 
11 1 WES Dons ray 0001 ee dani 
A N 1 ren e 
166 tele mar 113424 e een 111 
*% = on * * 6 
r HET bo rio 351 ttarr 
See 6497.10. 


g py ? 4 ® & * % \*' + * 
. Lt = Ty 4 2 4 77 » » 2 ** F y « 
Onno id ht id oi een Saf 
by « 
* 


19399136 #10; FAB q £33.60301} 22002 76:1 


kay ry O09 


uονι dbu cd ba 33558 28 


© 2211Qfetbt-1Gharcoot | of Metal. 


vii ds '@21201800 fun vile 


V difeoveny of the ſubſtance. which 1 
I; hays termed - the charcoal of metals, 


was, ag T hays obſerved, quite accidental 3 2 


copper. tubs Raving been totally diſſolyed 
by tranſmitting through it, when it was 
red hot, af quantity of ſpirit of wine in 
vapour, all, the /inſide of the tube being. 


converted. into a black powtery,, or friable 


ſubſtance, Ig order to make farther. obſer- 
vations on the nature of this proceſs, I put 


| the copper into an carthen . on which 


Thad 
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I had not found the vapour of ſpirit of 
wine to have any action, though itſelf was 


decompoſed in paſſing through it, being 


chiefly converted into inflammable air, 

In the firſt experiment I ſent three ounce 
meaſures of ſpirit of wine over two ounces 
of copper, in a degree of heat that kept 


it juſt melted, This was attended with a 


copious production of ſuch air as would 


have come from the ſpirit of wine only. 


But what ſurprized me moſt in the reſult 
was, that, though the copper had loſt no 
more than 28 grains of its weight, I ac- 
tually collected 446 grains of the charcoal; 
chiefly in the form of powder, though ſome 
of it conſiſted of large flakes, feveral inches 
long; having been ſeparated at once from 
the whole ſurface of the melted copper. 
Theſe pieces bore handling without any 
danger « of breaking, a and were ene _ 
black. 3.9434 +2 „ 


In another experiment I Dis 508 grains | 


of charcoal from 19 grains of copper. But 

this was from copper in thin plates, and 

they were not all converted into perfect 
| 3 charcoal, 
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charcoal, there being ſomething Harder, 
and therefore partially n in * me 
ters of them. 

Much of the charoos] was is diſperſed oa 
loſt in the ine black powder with Which 
the air was loaded z and as in what I col- 
teenth part of the compoſition, I think I 
may venture to ſay that, in reality, it 
was not more than a twentieth part. In 
this reſpect it reſembles the charcoal of 
wood, or of pitcoal, in which the aſhes 
bear a very {mall proportion to the inflam- 
mahle air, or phlogiſton, of which the 
bulk of the charcoal conſiſts. | This char- 
coal of copper way alſo as inſoluble, in acids 
as that of wood, and it neun en, 
it in gther reſpects. 

When the heat in which this wn is : 
conducted is great, the minute diviſion, and 
volatility of this charcoal, is very exttaor- 
dipary. Seeing it iſſue from the end of a 
tube in a denſe black cloud, I endeavoured 
to collect it in a large glaſs balloon. But 
after having” given the balloon. an uni- 

Some” if Ep form, 
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form, but very thin black coating, not dif. 
tinguiſhable in its appearance from © ſoo, it 


iſſued from the orifice like denſe ſmoke. 
1 then connected with it ſeveral adopters, 
and other veſſels, to which it gave a ſimilar 
coating; and laſtly, I plunged the tube out 
of which it finally iſſued, very deep in a 
veſſel of water. But ſtill the air came 
through the water loaded with the ſame 
denſe ſmoke, and very little of the matter 
could be collected e. I was therefore ſatiſ- 
fied, that the only way to collect any con- 

ſiderable quantity of it, was to make uſe of 
. degree of heat juſt ſufficient to keep the 
Eopper red hot, or rather juſt melting, 

Spirit of turpentine T found to anſwer as 
well in the production of this charcoal as 
ſpirit of wine, In this proceſs I got 120 
grains of charcoal from five grains of cop, 

per, notwithſtanding | a very denſe black 


 * The incoercibility of this ſoot, in the form of va- 

pour, very much reſembles that of the denſe vapour pro- 

duced by the decompoſition of inflammable and dephlo- 
giſticated air, of which an account was given before, both 
of them paſſing * water, vithow being retained 

by it. 
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ſmoke with which the air was charged, and 
in which, no doubt, a 1. 755 part of the 
charcoal was diſperſed and loſt. 
Having procured this new ſubſtunce, 1 
proceeded to make ſeveral experiments upon 
it; and was much difappointed-in' finding 
that in common air it was only melted by the 
burning lens, and that the heat had not (at 
leaſt in a ſhort time) any ſenſible effect upon 
it. But in dephlogiſticated air (as I ſhall de- | 
ſcribe more particularly in the ſection re- 
lating to fixed air) it burned rapidly, and 
converted almoſt the whole of it into fixed 
W315. 37G £15 £1119 £920 9014 37119 2 ; 
* It will not be hole Taping, 5e 
no ſenſible. effect ſhould be produced by 
beating this ſubſtance in inflammable or 
in alkaline air. But being made red hot in 
the latter, the air was increaſed in bulk, 
and a conſiderable part of it became inflam- 
mable, as it would have been by n e 
wy thing elſe in it. 
Conſidering this ſubſtance as a e 
ra being engaged at the time of my diſ- 
3 of it, in making ſteam of water paſs 
| | P 2 over 
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over charcoal of wood, confined'in red hot 
earthen tubes, I treated a Sg of this 


charcoal in the ſame manner, and the reſult 
was ſuch as might haye been expected. A 
- quantity of inflammable air was produced, 
and there remained a lighter coloured ſub- 


ſtance, which may be called the aſbes. of 


be metal, Forty grains of this charcoal 


were reduced to eighteen by this treatment; 


and I collected about 200 ounce meaſures 
' of air, which was very turbid in its firſt 
rsa, and bene vi . Intpbent blue 


flame. 

| Berli firſt ob this Aid trolls 
copper (owing to my having accidentally 
found that the ſpirit of wine acted upon 
it) I proceeded to try the effect of the ſame 
proceſs upon other metals, beginning with 


Aner- This metal 1 found to: be affe&ed 


very much as the copper had been; but 
though the matter with. which the air was 
charged, was to appearance, equally black 
with that from the copper, and the veſſels 
in which it was received, ſo-minutely di- 
2 en the ſame black coating, the 


3 larger 
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larger maſſes of this charcoal of filver were 
much whiter than thoſe of the copper. 


Gold was not at all affected in this pro- 


ceſs, not being ſenfibly changed, or dimi- 


niſhed in weight by it, At firſt, indeed, there 


iſſued a ſmoke of à darkiſh hue, the cauſe 
of which 1 could not diſcover, but it foon 
diſappeared, | 
Finding this proce to have ſo fle- A 
able an effect upon copper, and none at all 
upon gold, I imagined that by this meane, 
it might be poſſible to ſepatate copper from 
gold; ſo that we ſhould be in poſſeſſion of 
a new and effectual mode of a/aying. But 
I was diſappointed in this expectutien- 1 1 
mixed ten grains of copper with an hün- 
dred of gold ; but the copper was effoc · 
tually protected by the gold from the action 
of the ſpirit of wine, and the whole maſs 
came out of the ſame weight that it had 
before it was ſubjected to the experiment. 
I was not able to procure much char= 
coal from lead. Ving three ounce mea» _ 
ſures of ſpirit of wine, and near four ounces 
of 4d, I got only a ſmall quantity of 
1 a whitiſm 
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a whitiſh: powdery ſubſtance, - though 58 
grains of the lead were miſſing. But the 
inſide of the glaſs tube, through which the 
inflammable air was tranſmitted, was very 
black, ſo that a great part of the lead was 
probably volatilized, and diſperſed, and d yet 
- the heat that 1 uſed was not great. 
T ranſmitting three ounce meaſures of 
ſpirit of wine over 360 grains of melted rin, 
it was not diminiſhed quite four grains, and 
the black duſt that was collected wei only 
26 grains. The air was very dark. | 
1 ſent the vapour of two ounce! mea- 
ſures of ſpirit of wine over 960 grains of 

iron ſhavings. . The reſult was, that the 
air was charged with black particles, and the 
iron was diminiſhed two grains in weight, 
but I was not able to collect any charcoal. 


The iron e by Whit means a dark blue 
colour. 
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SECTION XII. 
07 Air extracted From mineral | NO: © 8 


AVING formerly found that man- 
ganeſe and other natural mineral ſub- 


ſtances, yield a very pure air by extreme 


heat; it occurred to me that ſubterraneous 
fires might maintain themſelves by means 
of the air which they diſlodged from ſuch 
ſubſtances as they found in the bowels of 


the earth. We find that no fire can be 
kept burning without change of air; and 
that any other than common, or dephlo- 
giſticated air, extinguiſhes fire as effectually 


as water. Had ſubterraneous fires been a 
fimple ignition of wood, coals; or other 


combuſtible ſubſtances, it would have been 
highly probable that air was neceſſary for 
their ſupport. But we find that the greateſt | 


heats are produced by mixtures of various 


A independently of any air that 


P 4 | may 
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may be in contact with them. This heat 
excited in the bowels of the earth, from any 
_ cauſes exiſting there, may be ſufficient to 
volatilize any ſubſtahce containing phlo- 
giſton, and thus produce ſmoke, flame 
(which is inflammable air red hot) and 
every other phænomenon of volcands. Hows 
ever, as the hypotheſis mentioned above led 
me to try what kind, and what quantity of 
air; would be yielded by various mineral 
ſubſtances, in great heats, it may not be 
ulſeleſs to recite the experiments; as a know- - 
ledge of the reſults may be uſeful in other 
philoſophical inquiries. | 

As the original object of my inquiry m 
ſpeRted volcanic fires, I gave particular at- 
tention to the examination of volcanic ſub- 
ſtances, eſpecially with a view to . aſcertain 
whether a ſubſtance which had been in a ſtate 
of fon will yield air by being heated again 
or not ; in order to diſtinguiſh the produtts of 
volcanos from other ſtony matters. Though 
475 which bas been ade to the 


atmok phere, 
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atmoſphere, and give it out on being heated 
a ſecond time, yet this is not 4 ſubſtance 
that can be fauſeu; and as this does not ap- 
pear to be the property of earthly fubſtances; 
ſome dependance may perhaps be placed ont 
this teſt. If fo, baſaltes can hardly be 
claſſed among volcanic productions, becauſt 
they yield more air by Heat than any kn.] 
lava that I have met with, But as the re- 
ſults of the experiments that 1 made both 
with lavas and baſaltes were air. 1 ſhall 
briefly cite them, 

Of lava from fceland 4 ounces heated 5 
in an earthen retort, gave 20 ounce mea - 
| ſures of air, of which one half, towards 
the beginning of the proceſs, was fixed a air, 
and the remainder of the ſtandard of 1. It, 
extinguiſhing a candle. In the interſtices 
of this' lava, there Was A browniſh = 
which' I could not ſeparate from i it. "2 | 

Of lava from Veſuyius 51 ounces yielded 
3⁰ outice meaſures of air, of which the 
firſt portion had a ſlight appearance of fixed 
air, and the reſt was phlogiſticated, from the 
ſtandard of 1. 64, | to 1.38, which came laſt, 
1 i 
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The retort was broken by the ane of 
the maſs in cooling. . 
Another ounce of lava, of the 50 
of a hard ſtone, yielded only 3+ ounce mea - 
' ſures of air, chiefly inflammable, which, I 
ſuppoſe, came from the gun-barrel in 
which this particular experiment was made. 
From | theſe experiments it ſeems pro- 
| "bable, that genuine lavas do not give much 
air; but this will depend upon the degree 
of heat to which they have been e 
in the ſubterraneous fire. | 

It has been much diſputed whether ba- 
altes be a volcanic production, or only a 
 eryſtalization of a maſs of matter in a fluid 
form. The following experiments incline 
me to the latter opinion. | 
Seven ounces of baſaltes from Scotland, 
heated in an earthen retort, yielded 104. 
ounce meaſures. of air, of which the firſt 
portion had a flight appearance of fixed 
air, and was ſo much phlogiſticated as to 
extinguiſh a candle, being ſometimes of 
* ſtandard of 1.68. 


* 
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About two ounces of the giants cauſe way in 
Ireland yielded 40 bounce meaſures of air, 
the firſt portion of which had a flight ap- 
pearance of fixed air, and the reſt phlogiſti- 
cated, of the ſtandard of 1.65. It was re- 
duced by fuſion to a hard black glaſs. "4 
Of baſaltes ' from Scotland, 5 ounces 
162 grains, yielded 78 ounce' meaſures 'of 
air, of which no part appeared to be fixed 
air; but was all phlogiſticated, ' ſometimes: 
_ of the ande of 1.7. aud towards ** 
laſt 1.41. T ihn don ien 9; 
The Wabern of Wangen 
Far with a ſtone which, from its 
being chiefly got from a village called 
Rowley, near Dudley, is commonly called 
 Rowley-rag. When it is broken, it ver7 
much reſembles baſaltes, though it is not 
found in the ſame regular. form. Dr. 
W1THERING, of this place, has given a 
moſt excellent analyſis of this ſubſtance, 
which may be ſeen in a late volume of 
the Philoſophical Tranſactions. All that 
M0 did with * . to ſubject it to 
2. Hake a ſtrong 
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2 ſtrong heat in an earthen retort; and | 
from this mode of examination it ſhould' 


ſeem to be of the ſame nature with the 


baſaltes, whatever that be. 1 
Four ounces of the Rowley-rag yielded 
40 ounce meaſures of air, containing 
hardly any appeatanice of fixed air, but was 
phlogiſticated, of - the ſtandard of 1.6, and 
1-5; the laſt portion 1.31. It was reduced 
to a black glaſſy ſubſtance, which broke 
with a poliſh, exactly nne that 
which remained from the baſaltes. 
The Derbyſhire adflone, in its appear- 
ance, very much reſembles the Rowley-rag, 
excepting that it is full of white ſpots, con- 
| fiſting of a calcarious ſubſtance. Dr. 
W1THERING has analyſed this, as well as 
the Rowley-rag, and both from his experi- 
ments and mine, they ſeem to be nearly 
a- kin to each other. Two ounces and 384 
grains of this ſubſtance, from which the 
calcarious part had been diſſolved by ſpirit 
of nitte, yielded 60 ounce meaſures of air, 
1 al A a little 


fixed 
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fixed air, bing from ſome unperceived 
remains'of the calcarious matter. The reſt 0 
was phlogiſticated, of the ſtandard of 1. 7. 
In another experiment,” an aunce and a 
quarter of this ſubſtance," from which the 
calcarious part had been extracted firſt by oil 
of vitriol, and then by ſpirit of nitre, yielded 
40 ourice meaſures of air, of the ſame quality 
of that in the former ptoceſs. There remain- 
ed from both of them a black glaſfy matter. 
which ſeemed to be very liquid when it was 
hot, as part of it __ e ho ee 
neck of 'the retort. io Hin 

Granite, like baſaltes;" hai been. (divaght 
* ſome to be the product of vwoleanos; and 
by others to be a cryitalization from a liquid 

ſtate. The latter is the opinion faygured-by 
theſe experiments. From about an ounce 


and an half of this ſubſtance I got'20-0unce = 


meaſures of air, the firſt portion af which 
contained a little fixed air, but the reſt was 
_ phlogiſticated, from 1. to 1;28; which is 
nearly the ſtandard of cliche adit but the 
heat was very intenſe, as the ſobfiapee . 
2 to a glas. 
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222 07 Air extracted from 
Again, 5 ounces and 252 grains of a blue 


; granite yielded 70 ounce meaſures of air, of 


the ſame quality with the preceding. It Was 


alſo reduced to a firm uniform glaſſy ſub- 
Nance of a dark - brown colour. Upon the 


whole, therefore, it ſeems probable, that the 
origin of granite is fimilar to that of baſaltes. 
In Cornwall there is a ſubſtance called 


elvain, the natural hiſtory of which is very t 
like that of granite, and the reſult. of my 
experiments upon it ſhews that they are of 
the ſame nature. There is a Sleek and 
white kind of elvain. _  - 
Of the black elvain one ounce 1 288 


grains yielded 25 ounce meaſures of air, 


the firſt portion of which contained a little 
fixed air, and the reſt was phlogiſticated, of 
the ſtandard of 1. 54. It was melted: >, 


a browniſh black maſs. - | 


Of the white elvain one ounce nd 36. | 


grains yielded 30 ounce meaſures of air, of 


the ſame quality with the preceding. It was 


converted into a very porous ſubſtance, ex- 


actly reſembling a pumice e. but muck 


harder. 4 5 
„ 3 . The 


/ 
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The ſubſtaner called groan clay is ſaid to 
be formed by the decompoſition. of granite. 
Of this ſubſtance} one ounce and 72 grains 
yielded 32 ounce meaſures of air, containing 
no ſenſible quantity of fixed air, but all phlo: 
giſticated, of the ſtandard of 1.62 and 1.33. 
After the experiment this matter was:eafily 


ſhaken out of the retort, and was not * . 


ſibly changed i in its appearance. 
Such were the experiments that I che 


with ſubſtances that are, or are ſuppoſed to 
be, volcanic. © Of thoſe which are certainly 
not volcanic but which may come in the 
way of volcanic fires, I found thoſe into 
which the vitriolic acid enters to yield the 
greateſt quantity of pure air; but by no 
means ſufficient to keep alive ſuch Re LY 
we make on the ſurface of the earth. 
From ſeven ounces of gypſum, which 1 | 
hope: in a ſtrong heat twelve hours, I got 
230 ounce meaſures of air, the greateſt part 
of which would have extinguiſhed, a eau 


dle; the moſt phlogiſticated being of the 
ſtandard of 1.8, but it was afterwards much 
Powe ; and at the laſt conſiderably dephlo- 

| giſticated ; 
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giſticated : for with two equal meaſures of 
nitrous air, the teſt was 1,3. The air was: 
very turbid ag it. wa produced, and the 
pureſt of. all came rapidly, at the end of the 
proceſs. ! It js poſſible that, with a ſtronger 
heat; more and purer air might have been 
procured· The ſubſtance was reduced to 
a hard augſi, yellow next to tho retort, bur 
in the middle very white. n 2 nem. 
n Rr I hall juſt mention the air 
ot from alum, as a ſubſtance can r 
din vitriolic acid, though not likely/26 Fy 
be found in the bowels of the earth. From 
one ounce of calcined alum, very white an 
clean; I got 60 ounee meaſures of air, with- 
out any faced air or- the leaſt ĩmaginable,; 
ande ſo pure, that with two equi meaſurey." 
of nitrou airy theiteſt Was 1. An 
tefiduum hall an ac id taſte; ſo that wWitnk 
more heat, it is probable that more, an?” 
purer air would have been prbeufed-. a 
The ane which 1 Hound to furniſb the- | 
greathſt quaarioy" of air, Shough r * 
pureſt were thoſe of the ige 
which are Found in great Quantit 
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the neareſt 
zeſemblance to the generality of 


320, ounce meaſures of air, à very ſmall 


black, -exa®tly. reſembling 
N i lava. It then 
Phy eps en ry pe 


wa 
AA. ac. A. 
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| | 
many mountainous countries ; and after 


deing ſubjected to a very great heat, have 


lavas 
of any ſubſtance on which I have yet 


made the experiment. - 
rom. four, cuneee fe 8 


portion of which 

was. fixed air, 

frat part of the rt (he ea, . 
about 20 ounce meaſures) ſo 


_ impure, that the ſtandard was generall 
Towar — 
ds the laſt it was r | 


of all 1.35 ſo that would 
a candle 
haye burned in it. — 


The | * 4 


fabſtance was perfectly vizribed, od quite 


tort) 3 ounces and 288 grains. 
From eight ounces of another. kind. of 


ſchiſtus, I got 


iy St apy oy mi 


ceding experiment 
5 z and it was melted 
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2226 VO bam from i 
Oibbef vitriol has been ſuppoſvd to enter 
into che compDνẽ,s dfb rl From four 
burtees of 2it I get 20. une menſures of 
uit, in every portion of which" one- tenth. 
was fixed air, and the!feft of the * Rania 
of 149234454, and at laſt 1.0 


Piattng oil ef WMtriol ts" uns elan, it 
Fielded much more Air, und of a bettet 


quality. Two oufHeeb of the clay, moiſt» 
bed Wittr chis 4616, 1 ounce mea 


holy Aide red als ad We belt of the | 
RindWfd f Ti 5, 1%, 1180, in the order in 
which" tbey re biete put down; but me 
lat portion was bos, o Wii wean 
bly: deptlogitticated; /-7 97) 947 2400? 
M quantity of fine white aur . 
Hpillac bim mountain give air of — 


Tiod t rns beginning of the proctſs with 


common clay, But the tetort wuerde, 

the experiment was inte ce 
Nothing in che — ONO | 
much dir as Mme Rene," und this is by! no 
means ull fixed air, as“ F-beHeve Has gene- 
rally been ſuppoſed. For a very greut pro- 
| (Phi of I 'phlogiſticated, 
"24 +29 Bod 


fourth of cixedi9ire. but in the cose af the 


14ſt portion of al was þ 


ep — — @& acl Fol © a Sine WR” 


„ Iten .tolarably;. pure, 
ſo that a $80dl6:yould asl burn in it, 
From que aunges of rhite cu of 
lime one I get 830 gunge meaſures. pf nir, 
the firſt; pertion of which. had gnly ne- 


experiment it aigt, being nge Ihren 
fongths, than one half, and gt. che laſt ne- 
third. Ihe ſtandard of the rgiduν¹]m 


never better than 1.56, nor worſe than 1,66. 


 Fapmifiye quaces and + half of lime, ſtone 


af an excellent kind. I gat: in all x1 60 ounge 


megſures af git. Of We 00p-atÞ einm 
dec but the 
phlagiſticated,, 
From feven, aunces of a. ttanſpateat ſub- 


benen in a, ſtone in the neighbaug- 


hood of . chieſiy calon- 


cha, Jig 1280 ounce. meaſures af air, of 


whieb about ane · third of the whale, was 
fixed. air. The ſtandasd of the Wen 
was alu firſt . S6. and after warde 1.44 
From: ſia ouneas of abe s 
— — Stratfosd. I got 30 
ounce meaſures of air, age ae 
Batoifli dg JOS To, 3 "oe the 


228 of Air extratted | ow 75 
dhe end 6f the proceſs, about ofler half was 
fixed air, and at the laſt z about one-fourth. 
, The ſtandard of the remainder W was about 1.6. 
From three ounces. 'of chalk 1 Set 6; 30 
90 maden 'meaſures of air, of which at the firſt 
4 one - fourth was fixed air, then almoſt two- 
thirds, then ſomething more than one- 
half, and again a little more than a third. 
The MAURY the refiduum was from 1.66 
OE $a 
b Iron! ores. may W. pretty rity ell alis 
Fuithed by the quality of the air that they 
Field by heat, as 5 as by their weight, 
f 180 external a appearance. The reſiduum 
of the air from other ſtony. ſubſtances, 


* 1977 


after the fixed air is ſeparated from it, 1 
have always found to be phlog iſticated, "but 

- \Fhat/from |} iron ore is iutemtable. ee 
FThree ounces and one-half of white F. 
1 thoſe iron ore Yielded 569 ounce meaſufes of 
nit, of which a at the firſt one-th ard was fixed 
dir, th ly ſomething more than one-half, 
and — 98 che laſt a thir e e 
of the refiduum was about i", And inflat- 
male, The r was reduced to one 
5 1 hard 


1 41 8 1 44 
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- {SIE : 
hard maſs, ad the bottom of the e earthen 
retort was melted, along with it. eee 
1 tried one iron ore that Was. of a a \ Tight 
colour, and another of a darker. Six ounces 
| of the lighter coloured' ore yielded 750 
| ounce meaſur res of air, of which at the firſt 
| two thirds * bee air, then only 4 Little 
more than a half, 75 t the alt fifth. 
The relicuum of "he ke” portions of 
this air only was inflammable, 25 of the 
reſt phlogiſticated ; ; the ſtandard of it about 
_ was reduced t to 4 had, black ſlag 
full e capitiss. 5 e SLANG 
| 1 ounces of the AA L's ore 
1 yielded 510 meaſure of air, the : qua- 
lity of a ee very e ike chat 
in the preceding nen 04 che ait 
was not more ſtrongly NEN e 
+, There is, 2h belies 13 iron in the hb. 


with | 
1 


5 7 


2 
e 
aud 1,42: I, 
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Elle ho Hüte bf a nh bt Rb ben fixed, 
or inflammable. It had bst ty 18 rains Th 
wei gut. From eight MES A Hal. bf an- 
15 kind of blac lead, N 185 e 
oo” Ar, one-fiftee of fest Wefitieth 


of hich a. was fixed alt, and the reſt. ner 
mal le, "burning with a "blue Rats 10 


cd Bor ball thts 175 Fi 
< xt At I 
ores to 1 Im 11 ; b ut hav Ip tote 
44 4s 
fires 2 tin, 1 nd that k 110 rains Pp It, 
1104 t 10 is 15 found 3.0 


BT's 20, Qunce mea 72 bf air, a 11 bot. 
on o 


Wen was xed ir, and e Yee 
weit of the : ſtandard of 1.44, aid ar aft | 
Dr e d bee, FI 9 95 6 
Saale retorts, 1 give an " 2ecoult k Y6rtibr 
volume. HY no ent we et ul i 


it, with 2. ſongs oy 1 in all WAN" Fe. 
tort, yielded Heaſur, lit, of 

TOPS Go be hr — Sac e 
994 And 5 ent e 


Alferent EB bK 184. 2 pert 
Þ that = of it "Wis! dat perhaps better | 
than "common e dee Was 


Lot 
creted 


mineral Subſtances. 1. 
creted into à hard maſk, hut was Jo ſg beym 
the retoxt.,... Aral ee bald ho nen ne 
At another, time, from eight qunges q. 
another quantity af mangansſe, I got 1299. 
ounce meaſures af air, of which. ane. thirg. 
was fixed; air, and the reſt, inflammable; 
burning with a blue flame. To what. cir- 
cumſtance this remarkable difference, in the 
quantity and quality of the ait, from what 
was called the ſame ſubſtance, 34s; eas 
I cannot. tell; Something elſe heßdes un 
ganeſe, as; I ſuſpect, muſt have heen n 
with i in this experiment. ry * 
I ſhall conclude this ſection with an gd 
cotatin; the examination of ſome gchar ſubs 
ſtances, of -whieht the reſults are Walen 
of much conſequen eee. . 3x2, 2 
From two ounces and one-Hfth Aff fieatiter, 5 
I gonif 3 endogene air, which had the 
flignteſt a ppcarancg af containing ; fied a, 
The amaiĩnder was thoroughly phlogiſticated. 
except chat, at the laſt, it was of the ftaudarll 
of 1.65. It came out of che retdrt; a. ele 


low maſo, Aut, ert as it wa gi pie 
10. he | 


102 2 
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232 Of Air extra8ted from | 
Two ounces of terru ponderoſa,' gave 26 
ounce meaſures of alr; without any mixture 
of ſined air, the ſtandard bf it 1.621 142, 
and 129. The ſubſtante was concreted 
into one maſs, but was eaſily broken» by 
ſhaking: the retort; and then it did not 
appear to be changed in its nn op 
rode! To nn of 'q;57- 34 CW 

— of Black , from Devbys 
ſhire; yielded. 80 ounce meaſures of air, no 
part of which was fixed air, but all better 
than common air, — ät being 
1.05 » £ This circumſtance ma help to ac- 
count for this ſubſtance taking fire, and 
burning as it does, when it is mixed with 
Iinſeed oil. For if by any means it is ſo | 
far heated, as to give out its pure airjthis 
muſt aſſiſt the combuſtion; and they ; 
mical attraction between the phlogiſtun in 
the oil, and the dephlogiſticated matter in 
the woad may, without its aſſuminge the 
form of air, be the cauſe of the maſzibe- 

- coming hot. 51; 101 bobnuoy, ahve oof” 
Seven ounces of fluor gave eight ounees of 
| air, 2 ſmall proportion of which was fixed 


air, 


KA oa IEEE Rs 


| air, and Cie »tchs. 
ns melted; into a hard maſe. Sir ountes 
of white fluor yielded in all ten ounce mea - 
ſures of air, of wich tlie ſlighteſt portion 
ſtandard of 1.34. and 1. 3. In this experiment 
the bottom of the retort uns quite diflolved. 
N. B. there was no appearance of fluor acid 
in the water in which this air was received, 
and the melted maſs gave ffuor acid wad 
with oil of vitriol. T Sr Avid 
Ftom four ounces of — 
Þ*got 75 ounce meaſures of air, 4 fmall 
portion of which was ffxed air; the ſtandard = 
of tho reſt;'for the moſt part, 1.5 g und at the 
hft 1.36. When taken out of the tetort, 
it weighed three ounces. and three: fourth. 
That part of it which was next to the bottom 
of tlie retott was whiter than the reſt, but 
very hard adhering to it 3 and; what was 
Feed remarkable, the remainder had c- 
quired juſt as firin a texture as it had be- 
fore it was 9 dre Y 
experimenters >vin wh u SghoG N 
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taining « little, fixed ait, Ad the. rü; of. the 


ait came vhile the heat, 


£348 Of Air autradlad i 
Fixe |ouneeh. of: 8, ſihe white ſandſtone. 
ielded about ten ounec meaſures of air, con- 


ſtandard of 1.6. This alſo; was. again ren 
dueed to a ſtane quite as compact as ĩt had 
been before it was pounded. (af : ober 
Size ounees of another ſand- ſtone yielded 
202, ounee meaſures of air, of which: a ver 
ſmall portion was fixed air, and. the reſt of 
the ſtandard of 1.57, and 1538. This alſa 
was reduced to a hard dark goloured ſtone, 
having ſeparated itſelf from the retort about 
r quarter of an inch, except at the. bottom 


here it adhered to it. J. inn 19002953 


From one ounce and 175 grains of beleme 
nite, Igot 329 ounce meaſures-of air, of which 
ce fu one-xteepth, was, fixed ait, the 
reſt of: the ſtandard of 1.75, 155+ All he 
was yery moderate, 

From four ounces of cryſtals of guartze,d. 
got 25,punce ; meaſures, of age, a NN foal] 
portion of which was fixed-air, the raſh ber 
ing of the ſtandard of 1.8, and 1. 44. 
From ſeven ounces of a grandates quartes 5 


I got about ten ounce meaſures of air, con- 
3 | taining 


a greater degree of heat than the glaſs had 
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talting à itthe frech ar, And the tet of the 
ſtandard of 1. 42. It ene out of tue detort 
4 looſe fable ſbBftalics; | 
296 grains. "retotr' was erich, or 
more air ne probably have: been 128 
cured.” . 18 44 
From one dunce and 84 f falt of Nicu, 1 
12 ot twelve ounce his of alt, of which 
55 th a Wis "Bed af, but ol the" Wipe 
of 1.4, ind 1 1435 ; "UA (OL FO! 
From 126 bra oft; 1 pot u unt 
retott being ergekken ut the 
bermütig of the proceſß, I took nb accbunt 
of the quantity. Part of it was evidently” 
fixed air, and the reſt of the ſtandard of 14, 
and a candle burned in it. The ſubſtance * 
was reduced 'to a dark hard cinder, adhering & 
to the retort. 1 
From four ounces 355 grains of eryſe 
talized glaſi, in the form of a whitiſh ſtone, 


I got twelve ounce meaſures of air, which F 


cbftaifkEd nb fixed air, and of the ſtandard 


of 1.42, 1.36, and 1.31. Perhaps I uſed 


been 
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72 
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be 


% M dire & N 
been ſubjected to before. 
experiment might help to account for lava 
giving ſome quantity of air, though it had 
| been in a ſtate of fuſion, having afterwards 
: eryſtalized, like this glaſs, ? 
The laſt experiment that I ſhall mention 
was made with pit coal, Three ounces of 
fuch coal as we have at Birmingham, ga ve 
oo ounce meaſures of air, of which I 4 
not be Aare wat any = Ie 
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33-Rntneudnation: de uA is now 
conſidered as an object of peculiar. im- 


N chymiſtry; and ever ſince I had 
diſcovered it to be; one of the beſt con- 
ductors of electricity I have given particu- 


lar attention to it. Tbe moſt important 
of the experiments that I have made reſpect- 


ing it ſince my former publications, will be 


found in the ſection relating to phlogiſton, 
in which an account is given of the de- 


compoſition of it by ſteam in a ſtate of ig- 


nition. In this ſection I ſhall comprize a 
variety of miſcellaneous obſervations, ſome of 
more, and others of leſs importance. Some 


As of them alſo are repetitions of former ex- 


periments, but made with a better appara- 
tus, and with an attention to more circum- 
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ns " Enfetiments an Chatioal. 
The quantity of air to be expelled by 
heat from dry wood I have frequently eſti- 
| mated ; but having now, by the affiſtance 
of Mr. WzpGwopn, the advantage of doing 
every thing of this kind in very compact 
earthen retorts, Which themſolves give no 
air, it may be worth while to mention, 
that from five ounces of dry oak 1 got 
ounce meaſures of air, of which about 
half, nearly a third, that came at firſt was 
fixed air, the remainder” being inflammable, 
and the Taft portions wholly fo. 1 ant 
The property that charcoal has of ab- 
wobing air is a remarkable circumſtance, 
firſt diſtinctiy ohſerved by the Abbe 
Fox rANA]; but ſtill there are ſeveral par- 

ticulars relating; to this-experittient,” ſuch as 
the time in which the air is imbibed, and 
the quality of it when it is again expelled 
by heat, &c. that are not undeſerving of 
notice. And though I have not purfſued 

this ſubje& with much regularity, 1. have. 
occaſionally; and at different times, made 
obſervations of this kind, of which 1 fall 
here give an account; propoſing to reſume 
abu | the 
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it with its mouth open, to give it an op- 
portunity of attracting more air, I heated it 
again, and got about two ounce meaſures of 
air, of the ſtandard of 1.5. This was 


much leſs than I had expected. I then tied 
a bladder to the mouth of the retort the 
moment it ceaſed. to give air. But though 


the charcoal was ſhaken out of the retort 
into the bladder when it was cold, very 
little air had been abſorbed by it. It then 
weighed $60 grains. But having been thus 
expoſed to the open air, though for a ſhort 


ſpace of time, on being again immediately 
ſubjected to heat, it gave 50 ounce meaſures 


ol air, the ſtandard of which varied in differ= 
ent periods of the proceſe, in the following 


order: 1. 54, 1:58, 1.7, 1.6, and about one» 


twentieth of the whole was fixed air. Why 


this ſame charcoal ſhould give 50 ounce 


been attracted by it. 


3 of — 


air, 


2 _—_— wa. ws s wwe 


meaſures. of air now, and only 40 before, I 
cannot tell. Brera 


Ring willing 0--aGertain'itho; waight- 
that was gradually gained by charcoal in 


; fy3 Lo! _— bh 


a+. 


open diſh charcoal 5 freſh. made from dry 


nen 11 Ap GS Hm, 
The next day, it weighed 300 


Two or thtee days after, ee e, 


The athof Oct. falluw ing 4 
/\ be 260 of April 1 eee 


ng only abſorbs. 3 5 
air on its firſt ex poſure to the atmoſpheres! 
as it does in a courſe of time afterwatdeth's = 

© Judging that chis charcoal would net 


now acquire any more weight, I. ſubjected 


it to heat in an carthep-retort 1 and having: 
got from it a quantity of air that was nr 
ſiderably phlogiſticated, found that ijt 


weighed 312 grains, but the: retont app 


to be cracked- i _ N abc ear A II &-4: MOT 17 


- Having left the-ſame: charcoal expoſed to: 


the open air a Whole year, I weighed it 
again /and:foundiitito he 371 grains. Thats 
this charcoal ſhould be retlucedivto-lefs; 
weight than it had been at the beginning 


of the proceſs, I could not account; for at 


tharwims;; dut: H now gde it by ſuppoſing 
| Sor. II. R that, 
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that, together with air, ſome moiſture had 
been imbibed; and this would help to de- 
compoſe the charcoal, when it was ſubject- 


ed to the fire again, as is explained in the 
ſection relating to phlogiſton. It may, 


however, be determined whether the air 


expelled from charcoal by heat be the air 


which it had imbibed, or that which was 
formed by the decompoſition of the char- 
coal by means of water. For this will be 
inflammable air, whereas the other, as ap- 


pears by theſe 76S will be on” 
tially phlogiſticated. 

Having gone through another key of 
expoſing charcoal to air, and then expelling 


air from it by heat, 1 * here note the 


particulars of it. 
From two ounces of ti chitcosh 


on the 2oth of January, I expelled, by 
means of a ſtrong heat, 336 ounce meaſures 
of air, and weighing it immediately . after- 


wards, found it to be 756 grains. On the 
23d it weighed 817 grains, after being ex- 


poſed on a plate, ſo as to lie about half an 
inch in depth. The air expelled from it 
a | „ 


. 
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was about one-tenth fixed air. This Fa 
coal 1 expoſed to the fire ſeveral times, the 
laſt time on the 28th of June i in the year 
following, immediately after which it 
weighed 711 grains. Some of the ait that 
I got from this charcoal was inflammable, 
burning with a lambent blue flame, which 
ſhews that moiſture had been imbibed al 
the charcoal. | 
In a former. publication 1 1 that 
when charcoal has imbibed air, it will give 
it out again, at leaſt in part, on being. 
plunged in water, as well as by being ex- 
poſed to heat. I again plunged into wa- 
ter pieces of charcoal, both perfectly and 
imperfectly made, after having been ſome 
days expoſed to the open air, and found that 
the air they gave out in this way was in 
both caſes common air. It is evident, 
therefore, that the degree of phlogiſtication 
in the air, expelled by heat, is owing to the 
os 100 of the charcoal. . 
Having repeated the Abbe 3 
eesti, by introducing hot charcoal 


n mercury, into veſſels containing 
180.1 R 2 different 
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been imbibed by the different pieces of char- 


' of the air that came from them. The 


time that I made them I was under a miſ- 
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different kinds of air, and being willing to 
recover by diſtillation the mercury that had 


coal, I at the ſame time took ſome. notic: 


quantity of air was very conſiderable, but I 
took no exact account of it. With reſpect 
to its quality, it was partially phlogiſticat- 
ed, the ſtandard of it being about 1.6, 
though the laſt that came was inflammable. 
In my experiments with reſpect to phlo- 
giſton, I made ſeveral on the decompoſition 
of charcoal in the ſun, the general reſults of 
which are there mentioned; but as the par- 
ticulars were not many; I ſhall here recite 
them. It is only to be obſerved, that at the 


take with teſpect to the origin of the air 
I procured, imagining it to proceed wholly 
from the charcoal; whereas I afterwards 
found that a degree of moiſture, to which 1 
had not then attended, was neceſſary to the 
formation of that air. Theſe experiments 
were all made 1 the heat of n. in 
vacuo. * anon: 

17 5 3 Four 
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Four grains of charcoal treated in this 
manner, yielded twenty ounce meaſures of 
air, all inflammable, except that it barely 
made lime water a little turbid; but with. 
out any diminution that I could meaſure. 
At another time four grains of charcoal 


gave 24 ounce meaſures of air, no N of | 


which was fixed air, Ae! 


1 entirely diſperſed one grain of edel 
in vacub, and it gave fix ounce meaſures of 


air, without the ſlighteſt appearance of its 
containing any fixed air. This charcoal 
had been long expoſed to the open air, and 


on that account would give out mere air 


than it otherwiſe would have dene. 


3 


| 


Tour grains and an half of charooil gave | 


22 ounce meaſures and an half of air; at 


laſtly, three grains and three quarters gave 
23 ounoe meaſures and an half of wir, with. 
ont the leaſt portion of fixed air ia ĩt. 


\ 4 


1 ſhall doſe this account with an experi- 
ment, in which I proceeded/to take the {pc 
cific gravity of the air Which 1 gat in theſe 
proceſſes, without at the titne drawing a 


Wa obvious: concluſion from it. From 
2 . R 3 | about 
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about 24 grains of charcoal of oak, 1 got 1 54 


ounce meaſures of inflammable air, no part 


of which was fixed air; and weighing this 


air, I found that 20 ounce meaſures of it 


. weighed four grains and a quarter leſs than 


the ſame bulk of common air. According 
to this proportion the 15 grains and an half 


of inflammable air ought to have weigh- 


ed 5. 96 grains, which is much more 
than the weight of the charcoal. But 
though I made this very obſervation at the 


time, I did not then infer, that water muſt 


enter into the compoſition of this air, hav- 
ing no ſuſpicion that the water at the bot- 


tom of the receiver, ſeveral inches below 


the place on which the charcoal was ex- 


poſed to the heat of the lens, could be at- 


trated by it. Had not ſubſequent ex- 


periments ſhewn me the real nature of this 


inflammable air, this experiment muſt have 


remained inexplicable by me. At the time 


I imagined, I believe, that the additional 
weight of the air was owing to the extra- 


| neous water Which: it had imbibed in be- 


ing agu from.: one veſſel to another. 
Having | 
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; Häving made the preceding experiments 
with charcoal from wood, I made a ſimilar: 


one with that from pit-coal, and 1 found 
that a piece of i it, heated in vacuo, yielded 
four ounce meaſures of air, after having loſt 
ſomething leſs then a grain in weight. The 
air had in it a ſmall quantity of fixed air, 


but the reſt was all inflammable. The 


charcoal had been a long time e expoſed to 
the common air. | 


After the preceding experiments with 
charcoal, it occurred to me to vary them 


by making uſe of %%; but I was much 
ſurprized indeed, to find that it was a ſub- 
ſtance very different from charcoal, with 
which at firſt ſight it might ſeem right to 
claſs it ; for it contained a portion of pure 


Air. quantity of it being put into an 
earthen retort, and expoſed to a ſtrong heat, 
yielded air ſo pure, that with equal quan- 


tities of nitrous air, the teſt was 9.5, a de- 


gree of purity far exceeding that of common 
air. There was, however, ſome inflam-_ 


mable air mixed with it, which made it 
burn with a light blue flame. 
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Faking ſome of this ſoot from which air 
had been expelled by heat, I again expoſed 
it to the heat of a burning lens in vacuo, 
and from à grain and a half of it got fix 
ounce meaſures of air, all inflammable, and 
burning with a blue flame, without any 


fixed air in it. It was, therefore, after the 


former experiment, a true | charcoal, but 
not 2 


55 * 0 T 10 N Iv. | Lia 


© of the confluent Principles of Fixed Air. wn 


7.4 +* 


P. the 1185 which I Penne to the 


Royal Society on the ſubje& of phlo- 


giſton, I gave a general account of ſome 
experiments, which ſeemed to prove the 
compoſition of fixed air from dephlogiſti- 
cated air and phlogiſton. I ſhall now give the 
| e of thoſe cxpetiabents, and alſo 


A | | | | others 
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others which feces 4 to lead to the ſame con- 
cluſion. a2 4 

The experiment upon rich I ahh 10 
the greateſt ſtreſs, as appearing to me the 
moſt concluſive, was that with red precipi- | 
tate and iron filngs , the former of which 
yields only dephlogiſticated, and the latter 
only inflammable air. But the firſt experi- 
ment that T made of the kind was with 

| charcoal and red precipitate, the charcoal * 
being made with ſo great a degree of heat, 
that no fixed air could be expelled from it, 
not even when it was wholly diſperſed by 
the heat of the ſun in vacuo. This expe- 
riment is certainly, however, not ſo con- 
g cluſive as the former; becauſe, ſince dry 
wood and imperfectly made chareoal yield 
fixed air, it may be faid that all the elements 
of this kind of air were contained in the 
moſt perfect charcoal. And though this 
ſubſtance alone will not, even with the . 
aſſiſtance of water, give fixed air, it might 
be faid, that this might be effected by its 
treatment with other ſubſtances, without 
their imparting any thing to it; eſpecially , 

/ 


WW '- 11 the conflituent - 
as the inflammable air which is procured 
from charcoal by means of water appears to 
contain fixed air, when decompoſed with 
dephlogiſticated air. I think, however, 
that I have in a former ſection, contrary to 
my own firſt ſuppoſition, proved that this 
fixed air is really a compoſition of phlo- 
giſton contained in charcoal, and of the 
dephlogiſticated air with which it was in- 
flamed, the charcoal contributing nothing 
to it beſide its phlogiſton. In this place 1 
ſhall only recite, the facts concerning the 
production of great quantities of fixed air 
from perfect charcoal and red precipitate, . 
In order to expel all fixed air, I made a 
quantity of perfect charcoal from dry oak; 
and while it was hot I pounded it, and im- 
mediately mixing four meaſures of it with 
one of red precipitate, and putting them 
into an earthen retort, I pteſently got, in 
no greater a degree of heat than was ne- 
ceſſary to revive the mercury, a large quan- 
tity of air, half of which, was fixed. air, 
Afterwards the proportion of. fixed air was 
eſs, and towards the concluſion of the ex- 
periment 
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peciment 'thete came no fixed air at all. 
This reſiduum was a little better at the 
firſt than at the laſt, When it abc 1 
ſtandard of 1.5. * SO een 

As this air rontainedia greater * of 
| phlogiſticated air than the common air of 
the atmoſphere, and no ſpirit of nitre, or 
any thing that could yield ſpirit of nitte, 
was concerned in the experiment; it ſhould 
ſeem that phlogiſticated air may be com- 
poſed of phlogiſton and dephlogiſticated air; 
though this compoſition, according to the 
very capital diſcovery of Mr. -CAvENDISH, , 
may be reduced to ſpirit of nitre, or rather 
become one ee in the eee, of 1 
that acid. n 6 445-42 
: e e I hit upon a oY | 
ter proportion of the chargoal and red pre- 
cipitate for making pure fixed air. For 
mixing one ounce of red precipitate (which . 
all chymiſts, I believe, are agreed to be the 
ſame thing with precipitate per ſe) and one 
ounce of perfect charcoal, freſn from the ; = 
_ retort in which it was made; and putting i 
them into a coated glaſs veſſel, I procured f 


from 


l a * : 
r ne w ee 


vz2 Op hd ronflituene\ 
Fork the Warkere by heat, about 30 ounde 
meaſures of air, the whole of which was the 
pureſt fixed air, leaving only about one. 
fortieth part not abſorbed by water, and this 
not in flammable, but of the ſtandard pos 17s 
ot almoſt perfectly phlogiſticated/ 77 | 
This experiment made me tebollect tho 
Which I had formerly made with charcoal 
heated in nitrous acid, in which 1 had al- 
Ways procured à quantity of fixed air. I 
therefore repeated the experiment with ſome 
of the ſame charcoal which 1 had uſed in 
the preceding experiment, on the goodneſs 
of which I could depend; and I found that, 
when it was heated in the acid, in a glaſs 
phial with a ground ſtopper, it gave air, one- 
fifth of which was fixed air. At another 
time I got air in this proceſs, one-half of 
which was fixed air. To the formation of 
this air, I preſume, that the phlogiſton from 
the charcoal and the dephlogiſticated air, 
which is knon to be produced Wan 
nitrous acid, muſt have contributed. 
Being then apprized of the objection chat 
tight be made to the uſe of obancual, as; 
| ns. | 


Principle of Fixed Air, 2433 
| notwithſtanding the great heat with which 
it was made, containing at leaſt the ele- 
ments of fixed air, I made uſe of iron, to 


and mixing an ounce of the red precipitate 


with an ounce of iron filings, and then 


heating them in a coated glaſt retort, I got 


20 ounce meaſures of air, of which one 
ſeventh remaĩned unabſorbed by water. The 


reſiduum was of the ſtandard of 1-52" 228 
ichen inflammable. 


Again, from half an ounce e e 5 


pitate, and half an ounce of iron filings, I 
got 26 ounce meaſures of air, of which the 


firſt part was pretty pure fixed air; but af - 


terwards one-tenth of it remained unab- 


forbed by water. Then, inereaſing the 
ptoportion of iron, I mixed one ounce of 


red precipitate with two ounces of iron 
filings, - and got about 40 ounce meaſures 
of: air, of the firſt portions of which only 


though towards the conclufion of the pro- 


ceſs this reſiduum was greater” In this 
rage I got, in. the whole, 36 ounce mea- 


-ſures 


which no ſuch objection could be! made; 


one-twentieth was unabſorbed by water, 
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254 of the confluent * | 
ſures of pure fixed air, completely abſorbed 
by water, beſides what was abſorbed both 
in the firſt reception of the air (which was 
in veſſels containing water) and afterwards 


in ttansferring this air into thoſe veſſels in 


which the quantity of it was noted, the 
whole of which I ſuppoſe might be about 
four meaſures more. Examining the firſt 


reſiduum of this proceſs by nitrous air, the 


ſtandard of it was 1.6, and afterwards 1.7. 

Having heard that it was objected to this 
experiment, that iron contains a quantity 
of plumbago, and that the fixed air which I 
procured might come from that ingredient 
in it (though the quantity was certainly 
much too great to be accounted for in that 
way) I made uſe of other metals, to which 
no ſuch objection could be made, viz. braſs 
and zinc, and with the ſame reſulſlt. 

With two ounces of braſs duſt 1 mixed 
one ounce' of red precipitate, and in a coated 


_ glaſs retort I got from it a quantity of air, 


two-thirds of which was fixed air. The 


ſttandard of the reſiduum was o. 6; ſo that 
there had been too great a proportion of the 


red 
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red precipitate. But fixed air was produced 


in a quantity eee ſufficient for = 


purpoſe. | 

In a coated glaſs retort, I put a mixture 
of one ounce of red precipitate and one 
ounce of filings of zinc, and got ſome air, 
part of which was clearly fixed air ; but the 
retort very ſoon cracking put an end to the 
experiment, and I did not think it neceſſary 


to repeat it, 1 imagine, however, that it 


will only be at the beginning 'of this pro- 
ceſs that much fixed air can be procured, 
unleſs more precaution be uſed in con- 
duſting it. For the neck of the retort 


breaking quite off, there iſſued from it a 


ſtrong flame, which evidently aroſe from the 


burning of the zinc in the dephlogiſticated | 


air from the precipitate. 

As turbeth mineral gives dephlogiiticated 
air, as well as red precipitate, I mixed this 
ſubſtance with iron filings, and had a fimi- 
lar reſult, when [ heated them together i in 


in an earthen retort. One ounce of the tur- 


beth mineral with two ounces of iron filings, 
yielded about ſixteen ounce meaſures of air, of 
which 
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which about one-third was fixed air, and the 
reſt of the ſtandard of 1.5. 
Another experiment which ſeems to prove 


the formation of fixed air from phlogiſton 


and dephlogiſticated air, is the expulſion of 
it from that Mach powder which is formed 
by the union of lead and mercury. This 
powder, I have obſerved, can only be made 
in pure air, which is no doubt abſorbed by 
the metals; and this being again expelled 
by heat, together with the phlogiſton which 
had belonged to the lead, is that, I preſume, 
which forms the fixed air that i is found in 
this proceſs. 

When I began to make obſervations on 
this black powder, I mentioned my having 
expelled ſome fixed air from it. This was 

from ſuch powder as I had found ready 


made; and therefore, not knowing with 


certainty what the compoſition of it was, I 
diſſolved one ounce of lead in pure mercury, 


and then expelled it again in the form of 5 


this black powder, which, when the run 


ning mercury Was pretty carefully preſſed | 
-, our. of it, weighed: 0 twelve. ounces... p 
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Then expoſing it to heat, in a coated glaſy_ 
retort, I got from it about 20 ounce mea« 


ſures of air, making allowance for the quan- 


tity of fixed air, which, as I ſuppoſed, might 


have been abſorbed by the water, in receiv- 


ing and transferring - the air before any ac- 


count was taken of the quantity of it. Of 
this air about one-thirtieth part only was 
not abſorbed by water. The reſiduum I did 
not examine. I muſt however obſerve, that 
in general, beſides the fixed air, I obtained 
a conſiderable quantity of the pureſt dephlo- 
giſticated air, from this black powder. | 


In making the black powder that was 


uſed in the preceding experiment, I occa- 


ſionally changed the air in the phial, in 
which I ſhook the mercury, by blowing 
into it, ſometimes with a pair of bellows, 
and ſometimes with my mouth; and as it 
was ſuggeſted that this might have ſupplied. 
the fixed air which I afterwards found in the 
black powder, I diſſolved two ounces of 
lead in mercury, and got the black powder 


without blowing into the veſſel at all, only 
changing the air ſo much oftner as was 
Vor, III. _ then 
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then neceſſary. | From ſix ounces" of the 
black powder thus carefully prepared, I 


expelled 44 ounce meaſures of air, of which 
one and a half was pure fixed air. This 
was ſufficient to ſatisfy me that /ome fixed 
air is certainly procured in this proceſs. 


The reſiduum of this fixed air was of the 


ſtandard of of 1.7, or 1.8. I did not at 
this time get from this powder all the air it 
would have yielded. _ 

Being now. ſatisfied that there was no oc- 
caſion to prepare this black powder with 
the precaution mentioned above, I repeated 
the experiment with ten ounces of it 
prepared in the readier method which I 
had uſed before; with a view to examine 
the refiduum of the air, when the fixed 
air ſhould be ſeparated from it. The 
produce of air was in all about 23 ounce 
meaſures, which 'I received in four por- 
tions of five ounce meaſures. each, and an- 
other containing the remainder. All theſe 
portions I examined ſeparately, obſerving 
the proportion of reſiduum in each of them, 
and- the . as meaſured by my uſual 
£51 ſtandard, 
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ſtandard, and the reſult was as follows: 
Of the firſt portion there remained one- 
fourth, of the ſtandard of 1.6; of the ſe- 
cond one third, of the ſtandard of 1.443 
of the third one-half, of the ſtandard of 
o. 8; and of the fourth three-fourths, of 
the ſame quality with the preceding. 

In the laſt portion the reſiduum was one- 
half of the whole, and that I found to be ſo 
pure, that, mixing it with two equal quan- 
tities'of nitrous air, the ſtandard of it was 
0.63; 0 that the quality of theſe refiduums 
was continually purer, till at the laſt it was 
pretty highly dephlogiſticated. 

It may be inferred from both theſe cult > 

of experiments, that fixed air conſiſts not of 

' inflammable air (which I ſuppoſe neceſſarily 
contains water) but of pure phlogiſton, and 
dephlogiſticated air. In the experiments 
with -the red precipitate and i iron, no water 
at all is concerned, unleſs either the iron 
itſelf contain ſome, or the mercury, or de.. 2 
phlogiſticated air: ſince when the red pre- 
cog is decompoſed by itſelf, nothing is 
82 produced 
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produced beſides mercury and dephlogiſti- 
cated air, without any water. The experi- 
ment with the black powder will equally 
authorize the ſame concluſion, as neither-the 
lead, the mercury, nor the-pure air that com- 
bines with-them, can be ſaid to contain _ 
water. 

It may be worth 5 to Sec thagz in 
making this black powder, the phial in 
which the lead and mercury are ſhaken, 
grows very warm, as the coagulum of the 
two metals (from which the black pow- 
der is preſſed) begins to form, and that in 


ſqueezing this coagulum in a cloth (which 


is the readieſt method of ſeparating; the 
running mercury from the black powder) 
it ſuddenly becomes ſo hot, that I could 
ſometimes hardly bear to handle it. 

For the information of thoſe who may 


wiſh to repeat theſe experiments, I would 
obſerve, that in uſing as much mercury as 
I can conveniently ſhake, in a phial contain- 


ing about three pints of water, I have got, 


with four hundred concuſſions of the amal - 
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gum (blowing into the-phial with a pair of 
bellows after every hundred concullions) near 8 
_ ounces of the black powder. | 


While I am upon the ſubject of this 
black powder, I ſhall obſerve, that it oc- 


containing phlogiſton, in order to ſee what 
change that would make in the "RP 
of the produce of air. 

From four ounces of the black amr 
mixed with two © ounces of iron filings, 
heated in arr earthen retort, I expelled 54 
ounce meaſures of air, of whieh not mote 
than four ounee meaſures were freed air,” 
and the reſiduum, examined at different” 
times, was of the ſtandards of 1.3, and 
1.44 ; but the greater part of it was of 1.52, 
ſo that there was #2 conſiderable production 
of aal eee air from the iron.” In 
this experiment, I raved the heav vety gra-. 
dually, till I had get one thir® of che 
produce of air. This F did from an idea 
that this moderate heat might increaſe 
the quantity of the — air, but it did 

83 not 
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not appear to make 2 En el in this 
reſpect. 

Then varying the proportion of 4 15 
gredients, I mixed 20 ounces of the black 
powder with only one ounce of iron filings, 
and receiving the air in three portions, ob- 
ſerved as follows. The firſt portion, which 
contained ſix ounce meaſures; had a reſi- 
duum of 3.5, of the ſtandard of 1.6. The 
ſecond, which was one ounce meaſure, had 
a reſiduum of 0.12, of the ſtandard of 1.7 1 
and the third portion, which was only one 
aunce meaſure, had a reſiduum of 0.12, of 

the ſtandard of 1.7. Whether this was the 
whole of the on of air, I dp not re- 
collect. [4 7; 
10 neren try more Fully the effect of dif- 
ferent degrees of heat, I repeated the proceſs 
with the black powder, only determining to 
ſuſpend the proceſs in the middle of the 
produce of air. Accordingly I heated two 
qunces of the black powder in a porcelain 
veſſel ; when I obſerved that ſome, por- 
tions of the produce contained about one 
| half 


Principles of Fired Air. 263 
half fixed air, and that this proportion 
kept growing leſs and leſs, till the produce 
conſiſted of nothing but the pureſt dephlo- 
giſticated air, the ſtandard of it being, with 
two equal meaſures of nitrous air, o. 2. 1 
then let the veſſel cool, and obſerved that; 
on reſuming the experiment, wy ae wow 
with the ſame purity to the laſt. 

Examining the refiduum in — retort, 
I found half an ounce of red powder, the 
colour of which could hardly be diſtin- 
guiſhed from that of precipitate. per ſe. 
So that, no doubt, the mercury had been 
converted into it, and this very pure air was 
probably that which came from the pre- 
cipitate as it was reviving. In this way, 
therefore, it would be eaſy to make this pre- 
cipitate in large quantities, could a method 
be found of ſeparating it from the red lead, 
with which it is, in this * nnn 
mixed. 

In the . ex a it vill 
have been obſerved, that, at firſt, the reſi- 
duum was conſiderably phlogiſticated, but 
at t the laſt remarkably pure. An aint 

84 in 
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in a ſubſequent experiment I once thought 
had diſcovered the cauſe of this difference, 
In the middle of one of the proceſſes, in 
which I was uſing the black powder only, 
heating it in a glaſs veſſel, a quantity of 
water was drawn up through the tube 
that communicated with the recipient, and 
got into the veſſel that contained the black 
poder; and in all the remainder of that 
proceſo, the reſiduum of the air was no bet- 
ter than about the ſtandard of 1.7. Water 
came over along with this air to the very 
laſt, though the bottom of the veſſel was 
red hot. When the proceſs was over, the 
matter taken out of the veſſel was ſtill 
moiſt, and of a dark grey colour. 

On this I made a paſte of the powder 
with water, and drying it a little, imme- 
diately repeated the experiment with it; 
but I found no ſenſible difference between 
the ſubſtance in this ſtate, and that which had 
not been wetted. Four ounces of it yielded 
120 ounce meaſures of air, of which about 
12 were pure fixed air, completely abſorbed 
by water, and the reſt highly dephlogiſticat- 
A * 8 ed 
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ed, However, in one proceſs of this kind; 
from two ounces and a half of this powder, 
which had been moiſtened and dried again, 
I got 70 ounce meaſures of air, of which 
only a very ſmall part was fixed ait, and 
the reſiduum Was by no means pure de- 
phlogiſticated air. For With two equal 
meaſures of nitreous air, the ſtandard was 
1.2 and 1.3 At other ; times alſo 1 have 
had much leſs fixed ait from this black 
powder when it had not been wetted, than 
in ſeveral of the inſtances above mention-" 


ed; and I have not as yet been able to diſ- ; 


cover the circumſtance on which the pro- 
duction of it in hate agent a er 
depends. nit 6 hehe id B&G e 
In the dende prociſſes with this 
black powder, I always got from it more ot 
leſs of fixed air. But thinking to produce 
more of it by heating this ſubſtanes with a 
burning lens in dephlogiſticated air; L was 
ſurpriſed to find, that I only increaſed the 
quantity of dephlogiſticated air in the veſ- 
ſel, and produced no fixed air at all. 
Whence this remarkable difference could 
. ariſe, I do not pretend to ſay. It will be 
B94 : ſeen, 
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ſeen, that, in this proceſs with inflammable 


whether 1 uſed this black powder or the ted 
precipitate ; both of them equally imbibing 
inflammable air, without ee e 8 __ 
water or fixed air. 


of fixed air from phlogiſton and dephlogiſ- 
ticated air, is the conſtant production of it 
when iron is melted in dephlogiſticated air 
over mercury, by means of a burning lens. 


This experiment being a very pleaſing one, 
J repeated it very often; and as it is on too 
| ſmall a ſcale to admit of great exactneſs, 1 


ſhall mention the reſults of ſeveral of them, 


obſerving, in the firſt place, that no water 


is produced in this proceſs. 


At one time I obſeryed, that when two- 
thirds of the deplogiſticated air diſappeared, 


one-ninth of the remainder was fixed air, 
At another time ſeven ounce meaſures of 
dephlogiſticated air were reduced to two, 
= which more than one-third was fixed 
Again, fix ounce meaſures and à half 


| ; hs reduced to half an ounce meaſure, and 
one half of this was fixed air. I repeated 


the 


air, I found it to be a matter of indifference: 


Another deciſive proof of the — 
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the experiment again, at EIT a_ | 
had the very ſame reſult. 3; 

In all theſe? ee it cannot wi 
doubted but that the greater part of the de- 
phlogiſticated air incorporates with the 
iron, converting it into a ſcale, or finery: 
cinder, being the very ſame ſubſtance with 
that which is produced by tranſmitting 
ſteam over iron when it is red hot; but at 
the ſame time ſome phlogiſton muſt he ex- 
pelled from the iron, and unite with the 
dephlogiſticated air in the veſſel, in order to 
form the fixed air that is found in it; as in 


other caſes it unites with water, and makes' 3 


inflammable air. 


Perhaps as deciſive a proof a as any of OY 


real production of fixed air from phlogiſton | _ 7 
and dephlogiſticated air, may be drawn from 


the experiments in which I always found a 
quantity of it when J burned ſulphur in 
dephlogiſticated air. In one of thoſe ex- 
periments to which I gave more particular 
attention, ſix ounce meaſures and an half of 
the dephlogiſticated air were reduced to 
about two ounce meaſures, and one-fifth of 
* this 
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this was fixed air. Much vitriolic acid air 
had been produced in this proceſs: For, 
before I admitted any water to it, the fix 
and an half ounce meaſures were only re- 
duced to fix. When both the vitriolic acid 
and the fixed air were abſorbed by water, 
the remainder was very pure a Mg 
ed air, the ſtandard of it being o. 2. 
I had always concluded, that no fixed air 
could be prodaced by the decompoſition of 
inflammable air, which had been procured: 
by means of the mineral acids, becauſe I 
had not been able to do it with that which 
| I had got by means of the vitriolic acid; 
but I learned from Mr. MEeTHtr1z (in 
whoſe ingenious treatiſe on air I cannot 
help wiſhing he had indulged a little leſs 
to theory) that this is peculiar to the vi- 
triolic acid, the remains of which, diffuſed 
Wrong the inflaminable- air procured by 
- it, he conjectures, may decompoſe the fixed 
air actually produced in the proceſs. See 
huis Treatiſe; p. 110. For, as I have hinted 
| before, when the inflammable air is pro- 


N from * by means of ſpirit of ſalt, 
han | 9 * 
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there is a very perceivable quantity of fixed 
air, when it is united with dephlogiſticated 
air. When I decompoſed theſe two. kinds . 
of air in equal quantities, they were re- e e 
duced to abont o. 5 of a; meaſure, and off 
this not more than about one fortieth part : 
was fixed air. This experiment, ought, 

ee be added to the other proofs'of 
fixed air being produced by the union of 
dephlogiſticated air and pllogiſton. PLE 

The laſt inſtance of the generation of 
fixed air from phlogiſton and dephlogiſtis 
cated air, which. I ſhall mention in this:ſecs 
tion, is of a much more ſtriking nature than 
any that I have yet recited. Having made 
what I call charcoal copper, by making 
vapour of ſpirit of wine paſs over copper 
when it was red hot, I took a piece of it, 
and, with no very particular view, heated it 
in different kinds of air. Among others, I 
did this in common air, and not obſerving 
any increaſe or decreaſe of the quantity oi | 
air, concluded, but perhaps too baſtily, te 
uo 3 was made in- it. Fer when 1 

| s 
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repeated the experiment in dephlogiſticated 
air, the charcoal burned very intenſely; and 
when a part of it was conſumed (which, 
like common charcoal in the ſame proceſs, 
was done without leaving any ſenſible reſi. 
duum) I found that no heat which 1 could 
apply afterwards had any farther effect on 
what was left of the charcoal. Conclud- 


ing, therefore, that ſome change muſt be 


made in the quality of the air; I examined 
it, and found about nine-tenths of it to be 
the pureſt fixed air, and the reſiduum was 
ſuch as would have been made by ſeparating 
the abſolutely pure part of the dephlo- 
giſticated air, aeg all pats e 
| in what remained. | e 
. Having ted this fact, 1 repeated 
the experiment, weighing the piece of 
charcoal very carefully before and after the 


proceſs, and then found that, by the loſs of 


one grain of the charcoal, I reduced four 
ounce meaſures of dephlogiſticated air till 
one · ninth only remained unabſorbed by 


Water; and A OKs tots ade grain 
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and an half of the charcoal, I reduced fixand 
an half meaſures of dephlogiſticated air till 
five and a half ounce eee were 055 
fixed air. F | wit 4 +:2% 44 
In this proceſs then» was a ee 
the bulk of the air after the experiment, 
as might be expected from the change of 
the air into one of a heavier kind oy 
means of a "ſubſtance, 'or principle, that 
could not add much to the weight of it; 
but I did not accurately meaſure this. In 
one of the experiments 4. 3 ounce | meaſure 
3 dephlogiſticated air were diminiſhed, I 
obſerved, about one: thirtieth part of the 
whole. But being in a pretty wide veſſel, 
ſuch a meafure cannot be accurate enough 
for computation. In this caſe, When the 
fixed air was ſeparated by water, there was 
a reſiduum of 0.75 of a meaſure of the 
| ſtandard, of 1.0, whereas the dephlogiſti- 
cated air before the experiment _- been. of | 
the ſtandard of 0.2, i 
| That dephlogiſticated air als enters. 
into the compolition- of this fixed air in 
this rn. is evident from the weight 
; of | 


. e 1 fifuenk * tha 
of air, w ex t of 
Well arcc 52 Vick ee * dhe 
1518 "Far this laſt experimen, at the 
e fixed. air produced was 4-95 
9 5 e ſuppoſing the char- 
coal. to be holly, phlogiſton. as it is very 
nearly to, fixed air may be ſaid to conſiſt 
of 3.45 parts of dephlogiſticated air, and 
1.5 phlogiſton. S0 that the -dephlogiſti- 
cated air is more than three times the pro- 


ha ch 


; * of the phlogilton in it. 
JI muſt. not conclude, this ſeQion with, 


out. obſeryipg-that,.. in one experiment, A 


never failed to produce fixed air, though it 
is not eaſy ta ſee how eng of its ſuppoſed 


elements, viz. dephlogiſticated air, could 


enter into it. This is by heating iron in 
vitriolic acid air. I repeated the expeti- 


ment many times, and always had bal 
remarkable reſult. 0 T18q £ 11 Dun 1 


in one of the e fout ounce 
meaſures of the vitriolic acid air were ke. 
duced to b. 69 of an ounce meaſure; and of 
this, three and one-half of the whole Was 


fixed air, abſorbed by lime-warer, aud the 
Fr TY wa 8 4 . reimainder 
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remainder ' was "lightly 'inflaminable. In 
another expctĩiment I could not perceive an 
thing inflaminable in the reſiduum. It ap- 
peared to be only phlogiſticateſl air. But 
theſe reſiduums are always mall, ſo" that it 
is not eaſy to diſtinguiſn weakly inflams 


mable air from uy which is phlogiſticated, 
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8 FLY trie Spark. FTE da hen 


" Have obſerved in my former publics: 

tions, that'by taking the cleric ſpark 
in fixed air, a part of it is converted into 
air that is got abſorbed. by Water. I have 
ſince repeated this experiment with mote 
care ; and. though I have never been able 
to matze the whole of any proportion. of 
fred air "immiſcible: with water by this 
| mean yet have always fo far changed it,” 
Vor. RE. T that 
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that the refiduum was more conſiderable 
than before, but in different proportions. 
Is᷑ took the electric ſpark about two hours 
in a ſmall quantity of fixed air conſined in a 
glaſs tube by mercury. Before the experi- 
ment, one-thirtieth of the air was unab- 
ſorbed by water, but afterwards one- fourth. 

The glaſs tube in which this experiment was 

made became very black in the inſide; and 

as this change is made in mercury by the ad- 

dition of phlogiſton, it looks as if ſome of 

the phlogiſton, which had made a part of 

the fixed air, had, by this proceſs, been 

ſeparated from it; and leaving a greater 
proportion of dephlogiſticated air in the 
remainder, would neceſſarily make it leſs 

miſcible with Water. The blackneſs on the 

inſide of the tubes, 1 in which the electric 

ſpark is taken through vitriolic acid air or 

; common air, 1 before diſcovered to be mer- 

| | cury, ſuperſaturated with phlogiſton. 

The next time that I repeated this ex- 

periment, I attended to the quality of the 

X reſiduum before and, after the proceſs; and 
EY * . was, ſuch as ſeems to confirm the 


1 | [1 [ above- 


of 44 2 * a 74 


above-mentioned co Ectren iI todk the, 
electric ſpark an hour and tei minutes in 
little more tham half an duties inenfure of 
fixed air, after Which one · fifth ef ihe whole 
was bnabſorbed by water; and The ſtendard 
of the reſiduum Was o. 9. Of the original 
fixed air about one - Hirtieth was unabſorbed 
by water, and the ſtandard of the refidavrh. 
was 120. In this experiment 1 alf obe 
ſerved that the quantity of the ait in which 
I made the experiment Was incteaſed about 425 
a twentieth part, Which'T do. not pretend-t6/,”", © 
explain. N nel 4. Ve gr; 88 9x3} IL 
Again, I took dle cledrie mad an Hour 
in half an ounce meaſure of fixed tir; After 
which there remained as much feſiduum 
unabſorbec d) water as had remained in 
about five times che quantity of the fine 
fired air in which no ſpark had been taken? 
This reſiduum was alſo much purer than 
that of the original fixed" ait; the ſtandard 
of it being · G8, Wherens that bf che orig Inal 
feed air Had been, as before, 1.00 Hired 
peated the experiment, and found the feſt- 
dart” ily greater, but of the ſame” pure 
0 T 2 auality; 
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quality; and in this caſe I obſerved a good 
deal of the black en Ein to e 
inſide of the tube. q 

In the Fowilig Gy I obtetved 
a farther change in this ſubſtanoe. In 2 
mall tube, containing about one-fifteenth 
of an bunce meaſure of fixed air, I took the 
electrie ſpark about an hour; after which 
there was a good deal of the black matter 
elouding all the inſide of the tube; but the 
lower part of it was covered with ſomething 
of a yellow colour, like ſulphur. In this 
caſe the refiduum not abſorbed by water 
was between one-fourth and one- fifth of 
the whole, and leſs pure than the former 
reſiduums. Had not the dephlogiſticated 
air in the fixed air paſſed into the mercury, 
tending to make it à "precipitate per E 
Was not this the cauſe of the reſiduum 
being leſs pure than before? And does not 
this experiment alſo prove, that phlogiſti- 
cated air may be oompoſed of the ſame ma- 


terials with fixed air, viz. dephlogiſticated 
air and phlogiſton ? eee 


Again, 


— 277 
b 2 the electric ſpark three 
hours in a ſmall quantity of fixed air, and 
obſerved that it was firſt increaſed, and then 
diminifhed about one- eighth of the whole; 
the inſide of the tube being very black, and 
below the mercury very yellow, about the 
ſpace of a quarter of an inch quite round the 
tube. But that ſpace, or at leaſt part of it, 
had been above the mercury at the begin- 
ning of the proceſs. There remained one- 
third of the air unabſorbed by water, and 
To vary the experiment, I took the elec- 
tric ſpark in a quantity of fixed air confined 
by water, impregnated with fixed air. ' The 
quantity was much increaſed by the air ex- 
tricated from the water, and after the pro- 
ceſs by far the greater part of it Was in- 
capable of being abſorbed by lime water. 
In the courſe of this experiment I ob- 
ſerved that water impregnated with fixed 
air is by no means ſo good a conductor of 
electricity as water Os Pay wor ww 
of the mineral acids 


«SY | Again, 


278 Of ebe Change made in Fixed 
Again I took the electric ſpark. in fixed 
ait, confined by a little common water; and 
obſerved that the blackneſs mentioned aboye 
extended more than a quarter of an inch 
below. the ſurface of the mercury, in the 
fame manner as the yellow) colour had done 
before; In this caſe alſo, the reſiduum was 
purer than that of the original fixed air. 4 
Again I took the electric ſpark half an 
hour in ſeven tenths of an ounce mea ſure of 
fixed air, after which one-tenth, of it was 
immiſcible with water, and the reſiduum 
was evidently better than the natural reſis! {| 
duum of the ſame fixed air. The ſtandard 
of that nw been 1.0, and of the other about 
o. 86. US - Hitt Her te ein Ih © 44 5. 491 I F 
ER Ap ſpark- three hours in 
about three fourths of an ounce meaſure of 
fixed air, after which it was inereaſed in 
bulk one eighteenth. Water being ade 
mitted to it, there remained, one - ſixth un 
abſorbed... Being examined, the ſtandard | 
was found to be as before, a little better 
than the reſiduum of ang fame fixed ain 9 01 


hk „ 


Being 
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Being deſirous of aſcertaining whether 
this change in the conſtitution of the fixed 


air wag owing to the Abe, or che bent pro- 
duced by the electric ſpark, or to 
thing peculiar to elbckricity. | 
a ſtrong light by means of 4 burning lens, | 

on ſome pounded glaſs,” confined in fixed 
air, for fom& hours. But though the reſi- 
duum was by this means a little increaſed; yet 

being of the ſame quality with the common 
air, I ſuſpected that it Was the air which 
was neceſſarily introduced through the quick 
filver along with the pounded glaſs. There 

was no change in the dimenſions of the air R. 
after the experiment. We n yd e a: aft, 

I repeated the proceſs” with fine glaſs 

houſe fand, which had been previouſly- ex- 
poſed to à ſtrong heat. But though the 
reſiduum was ĩinereaſed, the experiment was 
not, upon the whole, more ſatisfactory than 


the former. I alſo heated bits of eruciblees 1 
in the ſame manner, and found the reſiduum 

larger than before, in the proportion of 10 

to 6.63 but the quality of it was worke.” 

E Ta. 
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To what this mould be owing. cannot 
tall. „ „ n 200) ene, on d en act 

I once more repeated the experiment with 
bits of crucibles, and the reſult was cer- 
tainly favourable. to the hypotheſis of areal 
change being made in the quality of the air 
by beat, but I do not pretend to ſay that it 
was deciſively ſo. After the proceſs with 
fifty · ix meaſures of the air there was a reſi- 
duum of three meaſures; - whereas before 


ſute was not the common air, introduced 
into the veſſel by adhering to the bits of 
crucibles, was evident from the quality of 
the reſiduum, which was the very ſame, via. 


that there Was no fallacy of this kind in the 


bits of crucibles into another equal quantity 
of fiaed air. For I did not find that any 
ſenſible quantity of common air had heen 


en . me aun n them. 
Fan gl. 81947 al-plgirevef, 


the experiment, (the ſame quantity of the 
fixed air had left a reſiduum of only two 
mesures. And that the additional“ mes 


experiment; by introducing the very ſame 


Air i tbe alrjnis õpart A 
Howerer, hy/ſheating inn im xed- airy 
there; can, be no, doubt but that a ſenſible 
quantity of it is converted into phlogiſti- 
ments that. I fonmerly made: by putting pots 
of iron filings and brimſtune into fixed ax. 
The experiments that I made of this kind 
were the following. in which it willi be obs 
ſeryed, that, though in ſome of them there 
was an ineroaſe of the quantity of air after the 
proceſs, yet that it Was by no means equi 
to the quantity that remaĩned unabſorbed by 
the water z and therefore, there muſt have 
been a farther addition made of thia kind id 
air in the proceſ © $4 e v6 Ste y 2405 in 
After heating turnings of malleahle ron: 
in a quantity of fixed air fort ſeme time, 


Lexamined a part of it, and found that 


about one-tenth of the whole was immiſ- 


ceſs with the remainder, J found à refi- 
duum of one-fourth of the whole. There 
ſeemed to be a ſmall addition to the dꝗquan- 
tity of air after the firſt part of the proceſs, 
but 1 bould not 3 that there was any 

e 


\ 


-cible with water. Having reſumed the pro—- 


2B 0 the'Chanige, "Ee." 


after the ſecond; 1 reſumed the” proceſs 
a third time, but did not find that I had 
made more than one fourth of the whole 


immiſcible with water. At another time 


I heated the ſame kind of iron in fixed 


air, till of 34 ounce meaſures of air there 


was a reſiduum of 0.8-6f a meaſure; which 


was ſlightly! inflammable, burning with 
a blue flame; and in this caſe there was 
no ſenſible addition to the quantity of 


air at all. Laſtly; 1 heated iron in three 


ounce mekaſures of fixed air till there 


was an addition of o.4 of a meaſure to 
thei quantity of it; but there wWus a reſi- 


duum of one and a half of a meaſure not i 
abſorbed by water; which burned with a 


. e blue flame. . ui 
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a eee to knom what 
quantity of fixed air may ba expelle 
fon certrin lubſtancge in pactionlar Hates, 9 
and al ſo what proportiun of other. kinds of 
air may be mixed with it, Lſhall mention 
ſuch proceſſes of this kind as I haye notes 
of. Thepatg ſimilar to ſome; of thoſe in 
which;gitowhs etc Anmien | 
ſtances. . 1. 10 MR ad N N are; 
The pureſt calcareous earth is cbalł, and 
the moſt perfect chalk is that which is 
called whiting, which is therefore uſeful 
in many experiments, ſo that it is worth 
while to know what air it contains. From 
ſeven ounces of this ſubſtance, I got, in an 
earthen retort, 630 ounce. meaſures of air, 


by which it was reduced to four ounces. 
Every 


r © nn ryan ny os 


284 — Find Ar expelled 
Every portion of che air contained about 


one-third that was not fixed air, the ſtan. 
dard of which was 1.36, 1.38. Again, 
from fix ounces of whiting, I got 440 ounce 


- meaſures, bf air, about half of which was 


fixed air, and the remainder of the ſtan- 


dard of 1.4. The whiting was reduced to 
three ounces and 312 grains. 


An order to try whether any pcealiaZkAd 
of air might be - procured from whiting 


ſaturated with acids, I moiſtened ſome, 
which had been well calcined, with water 


impregnated with vitriolic/ acid air; and 


then by heat expelled from it 9o ounce 
meaſures of air the former part of which 
was more than three-fourths fixed air, and 
the reſiduum of the ſtandard of 1.5. The 
laſt portion had leſs fixed air in it, and the 
ſtandard of the refiduum was 1.44. The 


ſubſtance was rendered black and hard, but 
in ſpirit of ſalt it became white and ſoft. 


When | quick lime is ſuffered to fall in 
the open air, it firſt attracts moiſture, and 
then that moiſture gives place to fixed air. 


2 three ounces and a quarter of this 
IIc h fallen 


2 
t 
d 
a 
t 


| from var 10u5 Subſtances. 28; 


fallen lame I got 37% ounce, meaſures of 
air; of which about one · fifth was fixed: airy 
and the ſtandard, of therrefidunnimwas vgs 

From four ounces of white lead I expelled 
240 ounce \ meaſures of air, before the re 
duce thete remained one- third not fixed 
the laſt, the reſiduum was of the ſtandatd of 
1. 28, when with the common alt it was 1. 23. 


From two ounces and three quarters f 


wood aſhes 1 got, in à very ſtrong hegt, 130 


ounce meaſures of air, of the fuſt portion 


of which one-tenth; of the ſeeond one- 


third, and of the third one-half was fed 


a. Thevifidaws, edle eon N | 
third. 1.7. It — a De 1 0 


that the air came properly from the 2/5, 


and not from any remaining particles of the 
charcoal mixed with them. After the pro- 


ceſs, the aſhes weighed 839 grains Being 
expoſed to the open air one day, they 


weighed 842 grains, and, perhaps -with 
nn before, yielded 30 ounee 
meaſures 


* 


x 


286 Fired Air expelled" 
meaſures. of air, of which about an eight 
was fixed air, and the ſtandard of the re- 
ſiduum was 1.38, and 1.41. A candle 
burned in it; ſo that it is evident ſome 
of the dephlogiſticated part of the atmoſ- 
phere had been imbibed by theſe aſhes, 
They then weighed. 789 grains and a half. 
From three ounces of pit-coal aſhes, I got 
air, the ſtandard of which was 1.7, and ex- 
tinguiſhed a candle. I took no note of the 
quantity of fixed air, and through an acci- 
dent in the proceſs moſt of the air eſeaped. 

_ Homnure's fpyrophorys is a ſubſtance; 
liable to be ſpoiled by expoſure. to the air. 
I prepared ſome of it, with a view to ob- 
ſerve. what it imbibed from the air, and 
with it 1 made the following i experiments. 
It was compoſed of two parts burned alum, 
one of ſalt of N tar tar, % and- .ONC: of char 
coal. About two ounce. meaſures of this 
— ſuffered to burn in the open 
air; and then in an earthen retort, I extract- 
ed from it 144 ounce meaſures of air of 
which one half at the firſt. was fixed air, 
| ay: at, the laſt * little. The reſiduum 

een 1 


from various. Subſtances. 287 | 
of the fir, portion extinguiſhed a candle, 
but that of the [laſt burned with a lambent 
blue flatne. When examined with -nitrous 


air, both-the refiduuine:were: uy the ſtand- 
ard of about -B. hls hd! is GET 


The ee was 1 kept two va 
in the retort, with its mouth in mercury, 
and then being taken out, it preſently grew 
hot, and burned as well as ever. Imme- 
diately before the burning it weighed 428 
grains, immediately after it 449 grains. 
Having been ſpread thin, and expoſed to the 
atmoſphere, the next morning it weighed 
828 grains; but when well dried, it 

weighed only 486 grains. It was then 
| ſubjected. to a greater heat than before, and 
it yielded 110 ounce meaſures of air, the 
firſt portions of which were half fixed 
air; but the laſt contained very little, and 

burned with a lambent blue flame. The 
lybſtages then weighed 396 grains. 

Afterwards I took a quantity of pyto- 

phorus, which would not take fire in the 
open air, and heating i it in an earthen retort, 8 
found five- ſevenths of the firſt part of the 


; produce 


produce fixed air; but this propos tion gra. 
dually diminiſhed; till at laſts nine/Teinthis 
of the whole was inflammable-air burning 
with a lambent blue flame. This rinflam- 
mable air being decompoſed with · un equal 


_ quantity: of dephlogiſticated air yielded 
o. 86 of Aa meaſure of fixed algo i 5 Ms 


Another quantity of, pyrophorus, which 


the burning, and in two days expoſute to 
the atmaſphere afterwards, had acquired 
1.32 grains in weight, being again expb ſed 
tjo heat, in an earthen retort} gave an hun. 
dred and eighty ounce meaſures of dir, of 
which the firſt portion was three-ſeventhy 
of fixed air, and the reſt phlogiſticated. But 
afterwards one-half only 'was fixed air, and 
the reſt inflammable, burning with a lam- 

bent flame, and at laſt it was wholly in- 
flammable. When this pyrophorus was 
cool, it took fire again by expoſure to the 
open air, but not without the aſſiſtanee of 


ſome external heat. It had been red hot 


through its whole maſs at the firſt burning 
of it, and had 9 ſo a conſiderable 


3 . time, 


* a aww A-_ 0 — — 8 


ran warious Subſtances, uo 
time, after which; the ſurface of it was 
| lightly covered with white athes ; but all 
the inſide was as black as ever it had been, 
From four ounces of dry i o#-blood I got 
1 299 ounce. meaſures of air, and I conjectur- 
ed: that not leſs. than 200 ounce meaſures 
eſcaped. It contained no fixed air. The firſt 
portion of it; burned with a large lambent 
— flame, tbe middle portion fainter, and 
the laſt was hardly inflammable at all, but 
had a ſlight blue flame. What remained of 
the blood weighed, 255 grains, and wag a 
very good conductor of electricity, which is 
not uſually the caſe with che charcoal of | 
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INCR the diſcovery. of dephlogiſticated 
85 air, I have been led to form different 
opinions concerning the conſtitution. of it. 
At firſt I thought it conſiſted of earth and 
ſpirit of nitre, becauſe, in every proęeſi 
from which I then procured it, 4. uſed 
ſome. kind of earth, but eſpecially the 


metallic ones, moiſtened with. ſpirit of 


nitre, and there Was a loſs of the earth, 
as well as of the acid, in every pro- 
ceſs. Afterwards I was convinced, that 
the earth was only. diſperſed i in the. proceſs, 


and therefore concluded, that this air Was 


merely nitrous acid in another form, with 
the addition of the principle of beat, or whats 
ever elſe might be neceflary. to give it the 
—_ of ai air. Since that time Mr . Mag 
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has led me to think, that there is no acid 
whatever in dephlogiſticated air, and that 
it conſiſts of nothing more than one of the 
conſtituent parts water, combined with the 
element of heat; the other conſtituent part of 
water being inflammable air. In this opi. 
nion I for the preſent acquieſce; and in this 
ſection 1 ſhall recite ſome experim 
which favour this hypotheſi s, as well as 
others of a miſcellaneous nature, er to 
this ſpecies of air. 

The firſt” obſervation that I ſhall make 
reſpects the production of this air. At firſt 
I procured it from precipitate per /e, which 
is an expenſive article. in chymiſtry, and 
| then from red precipitate, which, when 
carefully prepared, fo as to expel from it all 
the acid, is the very ſame thing. I have 
frequently | obſerved that an ounce of this 
' ſubſtance will yield õo ounce meaſures of the 
pureſt dephlogiſticated air; and it is ſome- 
thing remarkable, that an ounce of turbith 
mineral, which conſiſts of mercury and the 
| vittioMtc acid, yields about the/ . ange | 
. tity of air, and equally pure. E 3 

"4s Uz For 
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5 or a nt e time I was not able t 


procure dephlogiſticated air by means of 


any other acid than the nitrous.” But af- 


terwards I got it by means of the vitriolie, 
as in the caſe of turbith migeral. Other 


perſons have procured it by means of the 
marine acid, as Mr. LANDRIAN1, who fitſt 
ſucceeded in this proceſs, and then Mr. 
Ban TOL ET. I have now procured this 
air by means of the acetous acid, and though 
the fact is but of little conſequence, and the 


experiment was made with another view, 


it may not be amiſs to recite the particulars 
elit 1} 1g O 903-40! 

Having ied; balf an ounce of radical 
vinegar: with two ounces of calcined whit- 


retort, 350-ounce meaſures; of air, of which 
about. one-third was fixed air, but | more 


than this in the firſt portions; and leſs in 


theflaſt. The ſtandard of the reſiduum in 
the firſt portions was 1.66, in the ſecond 
1.42, and in the third 1.38; which: was 
very near; the purity of common air. The 
* then * 760 grains. IL then 

9115 | put 
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ing, L got from it, by heat, in an earthen 


"> an... ˙A il — ] y and - ) on 
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put a quarter of an ounce more radical vi- 
negar to it, and without taking any account 
of the quality of the air, only obſerved that 
got 120 ounce meaſures from it, and that the 
reſiduum weighed 730 grains. After this 1 
put to it a quarter of an ounce more of the 
ſame acid, and got from it 140 ounce mea 
ſures of air, of which the laſt portion had 
in it no fixed air, and was conſiderably 
better than common air; but of the exact 
ſtandard of it I find no note. The Whit-⸗ 


ing then weighed 489 grains. The air hnñae 


always been very turbid, which accounts 
for the ugg loſs ws bh rt in theſe 
proceſſes. ts T! 12 A | 
The chespeſt n of /procuring de- 
phlogiſticated air in large quantities that we 
are yet acquainted with, is to extract it from 
nitre by means of heat; and in general no 
more has been got from an ounce of nitre 
than about 100 ounce meaſures of air. The 
teaſon of which has been, that, in order to 
get it pure, gig gloſs veſſels hive been uſed 
andl after a part of the acid has been Er- 
pelled; the remaining alkali has diſſol ved ö 
aug | W 


/ 
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the glaſs, and the; proceſs has of courſe tet - 
- minated. - But by means of Mr. WIDoo- 0 
oop's excellent earthen retorts, I have a 
been able to get ſuch quantities of this air 4 
from nitre, as to myſelf, and all my friends, 4 
appeared very extraordinary; and has aſ- 
ſiſted Mr. Wa rr in proving that there is 
no acid in this ſpecies of air. As only the 
general reſults of theſe experiments have 
been quoted by Mr. War r, and others, 
* thall recite ſome. io the POOR in this 
The get time 1 1 get more ene 
—— from nitre was in 2 coated glaſs re- 
tort, when, from two ounces of it, I got 
300 ounce | meaſures of air., But from 
the ſame quantity of purified nitre, in one 
of Mr. Wap woop's retorts, I got 787 
ounce meaſures. . The air procured in this 


manner is never of the pureſt kind; and 

be ſtandard of this, from the firſt to the 
laſt, with two equal meaſares, of nitrous 
dir, was only 1.25. conducted this pro- 8 
ceſs ſo that the air was very little turbid, 4 
Wes eee . acid.diſcovered 
by 
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by the ſmell in every portion of it. In 
another proceſs I got 796 ounce, meaſures! 
of air, and the retort was diſſolved before 
the proceſs was oompleted. But the largeſt 
quantity that I ever got from two ounces 
of nitre was 812 ounce meaſures, and this 

was purer than any I had got before in this 
way, the ſtandard of the greateſt part of it 
being o. 95, though at the very laſt 2g. 
In all caſes I have obſerved, that the purer 
the air is, the greater is the quantity. Far 
it can only be rendered impure by ſome 
pblogiſtic matter uniting with the pureſt 
part of it, and forming, in many caſra, a8 
I am inclined to think, phlogiſticated air. 
In this experiment the loſs in the /nitre-was 
531 grains. The air would have woighed 
ſomething more than 487 grains, ſo that 
more than one-half of the weight: of the 
nitre was reduced to the form of air an 
there remained 34 den for day nt 
cryſtallization, . fink 


In theſs-expbrimebits it was a — 
ſome conſeq uenoe to determine whether 307 
ail gomaibed in the nitre after all che. at 
V U 4 Was 


L 


as come over 51 and (as: the! vitriolic acid 


nitre, there appeared to be no better mo- 
thod of determining this, than to put oil:of 
vitriol to it, and endeavour to make nitrous 


acid. 47 Accordin gly, i in the former procaſſes, | 


I had always been able to get nitrous acid, 
or nitrous air, from what remained of the 
nitre, after the dephlogiſticated air was ex- 


pelled from it. Thus from what remained 


of one of the preceding proceſſes, I had got 
nine ounde meaſures of nitrous air from half 
_ an, ounce of the ſaline reſiduum. And as it 
was evident that the nitrous. acid in, this 


nitrous air was much leſs than had been 


contained in the nitre, I had been uſed 
to conclude, that the acid had been con- 

verted into dephlogiſticated air. But I was 

led to ſuſpect this coneluſion, from ab- 
ſerving that the dephlogiſticated, ait had 
nothing ſenſibly acid in it, not only wbile 
qi it exiſted, 1 in the form of air, but alſo when 

decompoſed with inflammable ain-;;and I 
„had always obſerved, that every veſſel af the 
| he e e r the nitre, bad a 
151189 | "JR 
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hasia ſtronger: affinity with the baſe of ahe 
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pungeiit ſinell; which'muſt have proceeded | 


and atv the water in whieh the ur Was fe 
cel ved had acquired à ſlighit acidity, though 
it was of a very volatile nature. 
To theſe cireumſtances I gave particular 
attention in my future experiments,” TO 
that which remained of the laſt mentioned 
experiment, in which I procuted 812 men- 
ſures of air from two ounces of nitre, I put 
oil of vitriol and water: But though it 
was erpoſed to heat till the water was diſ-. 
tilled over, I did not get half an'ounce men- 
ſure of air more than the veſſel contained; 
and this was dephlogiſticated. Cöônſe- 
"quently; all the nitrous acid had been & - 
| pelled from this nitre, T6097 ADGIONOT  OFj: * 
The colour of the alkaline” matter to 
- which the nitre was redubed In theſcearthtn 
retorts, was 4 deep green, owing, perhaps, 
to ſomething of the earth in the ketöft "For 
in a porcelain veſſel, I, at one time; hal it 
perfectly white cet e Þ och 390 
Scl At Mr. W rr's 40 endeavoured 
+ to aſcertain the W of acid that Was 


zasgang expelled 


J 


— Gibb volatile acid diffuſed chrouglt i;: 
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expelled from: nitre, in procaring the de- 
phlogiſticated air from it. To do this, 1 


put two ounces of puriſied nitre into a'glaſs 
Fetort, and receiving the air in 300 outice 


meaſures of water, only filled each recipient 
half full, and agitated the air very much 
in the water, in order to make the water 
imbibe as much as poſſible of the acid that 


it contained. However, notwithſtanding 
this agitation, every veſſel of the air re- 
tained a ſtrong ſmell of the acid. The 


moment the air ceaſed to come, I filled a 
large phial with the water, and carried it 
to Mr. Warr, who carefully examined 
It; and in a paper which he preſented to 


the Royal Society, and which is publiſhed | 


in the Philoſophical Tranſactions, he 

given an account of the quantity of acid 
that it contained, computing from the ſpe- 
cimen that I brought him the quantity 
that was contained in all the $oo ounce 


meaſures of water; from which it may be 
fairly inferred, that there was no occaſion | 
to ſuppoſe that any of the acid entered into 


” —— of the air, but that it was 


all 


-m mw ict oO, 
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all either en volatile, or retained in 
the water. 

ee examined à portion of this 
water, by expelling air from it, and did not 
find it to contain more air than water gene- 


rally does, but what I did get fron it Ya 
nen dre nap” 7 


& is. #1 5.4 111 


o 
1 - 
, . F 
0 — 9 F a F (TOES 
N 4 9 o o 1 
4 | y . 4 : #2. 4 4 : 'v 
+ $ » £ P 1 he 4 & ua. * 
* - * 


SECTION xm. OL 


60 1. conflituent Principles of Nitrous . 
91206 N A. 261 


HERE is no kind of. air, theiceditin 

tuent principles of which- ſcemed to 
* more clearly aſcertained than thoſe of 
nitrous air, by thoſe philoſophers who ad- 
mitted the doctrine of phlogiſton. We 
took it for granted, that it conſiſted of | ni» 
trous acid and phlogiſton. In an early pe 
Tiod of my experiments, I. endeavoured) to 
en the quantity of acid c 


i 1011 fe, bold Nigoing RY 


FE 5 W G beagle e 
it, Mr. Kixwan has done the ſame, and 


* d 


Mr.” AVENDISH alſo has conlidered 3 it as 
containing a very concentrated nitrous acid. 
10 had no doubt on the ſubject till L read the 
work of Mr. MerTase, who aſſerts that ni- 
trous air contains no proper nitrous acid, but 
only one of the elements of it, the other being 
dephlogiſticated air, which had before been 
conſidered by Mr. LAYOISIER as s the prin 
 ciple of all acidity, ; 
Among other obfervations ir in ſupport of his 
aſſertion Mr. MEeTHERIE has the following, 
Nitrous air burned together with inflammable 
air! produces no nitrous acid, p. 14 5. Though 
nitrous air is obtained from a ſolution. of 
mercury in nitrous acid, almoſt all the acid 
is found in the ſolution, p. 146. Nitrous 
air ab. forbed by. marine acid, docs, not make 
aqua re egia, p. 153. He! is of e opinion chat 
a ſmall portion of the nitrous. acid being, de- 
com oſed, funiſhes ; a pure air, ſo bog: 
that, uniting with a ny e air, it 
changes it 11 nto nitrous alr, p eee 


*11 1 Tirt 81 27230 3 
Es 5 8 8 1 
| Cannot. lay | underſtand it; 


; but, 
ET bei 8 
7 od 190 4 


„ 


Priveiet Rats dir, A» 
being OR? wi . his „ e 5 Tell 
to review the PIT ROOT which I had for- 
merly 1 made 01 on this kind of air, and could 
not oct any of them in which it apy 
peared that real nitrous acid was produced, 
except when nitrous air was combined with 
dephlogiſticated air, beſides the ex periment 
in which it was decompoſed by the electric 
ſpark, which furniſhes a ſtrong objection to 
this hypotheſis. In every other view. Mr. 
MeTHERIE's theory appeared to me not im- 
probable, and led me to make the following 
experiments, which though not decifiyely.in 
favour of it, may deſerye W rd ng 
They will at leaſt ſhew that, if there be all ; 
the elements of nitrous acid in nitrous; air, 
they muſt together with an additional por 
tion of phlogiſton exiſt in the e 
air that is formed in the proceſſes, 3 x 1 

When nitrous air is decompoſed by 100 
or by a mixture of iron and ſulphur, 1 1055 
obſerved that the water over which the pro- 
ceſs is made, acquires no acidity by it; but 
1 had ſuppoſed that all the 100 had been 
ſeized by the iron. Having by me à con- 
c ſiderable 
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nderable quantity of this iron Which had 
been reduced to a perfect ruſt in nitrous Air, 
and which F knew'muſt have imbibed more 
than its weight of this air, I thought that 
I might get the acid out of it by diſtillation, 
if it contained any. But a quantity of this 
ruſt of iron, carefully diſtilled in an earthen 
retort, yielded neither nitrous air, nor nitrous 
acid, at leaſt in any quantity that could 
favour the common hypotheſis. For beſides 
the air (of which an account will be given 
in its'proper place) ſome ounces of this ruſt 
yielded only a few drops of liquor, which 
was not ſenſibly acid to the taſte, and when 
I into a little water, tinged blue with 
the juice of turnſole barely turned it red. 
But ſo flight a degree of acidity as this might 
have come (and 1 have no doubt but did 
- come) from the union of nitrous air with 
thoſe bubbles of common air which could 
not be excluded from the veſſels containing 
the iron; in the many times in which I 
changed the air, when I ſupplied them from 
tine to time with freſh nitrous air ; 10 that” 
the' great an of nitrous acid hich dught 
NE OY 3 1 
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to have (been... depoſited: in this iron muſt 


have been concealed in the phlogiſticated air, 
which is generally about one fourth of the 
original quantity of nitrous air. This brown 
ruſt (become ſo by expoſure to the air, which 
it imbibes) became black by the expulſion 
of its. air and water, and exactly reſembled 
that iron ore which is found een 
of a black ſand. , 7 

I then e to „ nitrous 
air by heating iron in it with a burning 
lens; and in this proceſs, I ſucceeded much 
beyond my ex pectation. For the air was pre- 
ſently diminiſhed in eee che iron 
became of a darker colour, was 
melted into balls, and gained conſiderable 
weight. It had no appearance, however, of 
containing any nitrous acid, and yet water 
| 1252 with the juice of turnſole introducad 

into the veſſel, and agitated in it after the 
proceſs, never changed its colour. 


tity of nitrous air was diminiſhed: to about, 
Fab and after this it was increaſed, ah 


TS. 


* 


3 99, 100. 


In the firſt experiment the right quans; 
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1 diminution, there began to be 

an addition made of inflammable air from 
the iron; for this was evidently fo. It was 
alſo obſervable that there was either! ſore 
pure. air, or dephlogiſticated nitrous ait, in 
what remained of this proceſs. For when 
a meaſure of this reſiduum was mixed with 
an equal meaſure of common nitrous air, they 
were reduced to 1.7. I ſuſpect, however; 
that this was owing to a quantity of dephlo- 
giſticated nitrous air being formed by this 
proceſs, as it is ſimilar to en of iron 

in nitrous air. 

In another W r as this kinds I N 
fix ounce. meaſures of this air to three, and 
this was wholly phlogiſticated air,  extin« 
guiſhing a candle. I alſo heated iron in 

ſeyen ounce meaſures and a half of nitrous 
air, till it was reduced to 3. meaſures, when 
it appeared to be perfectly phlogiſticated 
air. The iton had then gained 214 grains 
there was not the leaſt appearane of moiſture 
dee in ene — 115" | 


$03.29 WH io ain [amen Aa 


(it, Then | 


LY 
a 


Then redolleding that, in my — 
periments, Hon pyrophorus had ta- 
ken fire in nitrous air, I made a quantity of 
this ſubſtance, and repeated the experiment 
with the greateſt care But hen nitrous air 
was decompoſed by this means, I ſaw no reas 
ſon to think that any nitrous acid had been 
formed. In this proceſs the nitrous air is 
readily di miniſned to about one-half of its 
bulk, after which nothing nitrous is found in 
it, but a portion of dephlogiſtieated nittoumg 
air; as appears by its being much more readily 
abſorbed by agitation in water than nitrous 
air is. But neither the air, nor any thing 
that can be expelled from the pyrophorus 


diſcovers any ſign of containing nitrous 


| aida be vas + bn PK #; Nandi 
Having ſueutatedh ia ue eee | 


rus| with nitrous; air in an earthen tube; 
which by this means became very hot, 1 
admitted water to it; and diſtilling the py« 
rophorus with this water, the liquor that 
came from it would not change the co. 
lour of the juice of turnſole ; and the. air 
which came afterwards was of the ſame 
Vor. III. X Had 
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kind with that which is always: expelled 
from pyrophorus after it has been burned in 
the open air, viz. o_— fixed air, and muy 
inflanmiable.” 

I ſhall juſt mention ſome barches particu- 
Ne 'of another experiment of this kind, 
though it was made long before I. had the 
views Which led to theſe now mentioned, 
Having faturated about two ounce meaſures 
of HoMBERG's pyrophorus with nitrous air, 
1: obſerved: that it had imbibed about four 
times its bulk of the air. This pyrophorus 
was of a kind that did not burn readily. in 
the nitrous air, or I believe in common air, 
without external warmth, Having with- 
-drawn it from the nitrous air, it took fire 
again, but with more external heat. Then 
putting it into an earthen retort, I expelled 
from it ninety ounce meaſures of air, a very 
mall proportion of which was fixed air. 
The former portions of it extinguiſhed a 
candle, and were of the ſtandard of 1.7, and 
the latter of 1.55; burning with a lambent 
blue flame. Three days after this, being 

mn out of the retort (be mouth of which 


"2 
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had been all the time immerſed in mercury) 
- a ſmall. part of it took fire. I obſerved it 
then weighed 416 grains, and the next mor. 
ing it weighed' 438 grains. 5 
There is ſomething very ee 
this ſubſtance burning equally well in two 
ſuch very different kinds of air as nitrous 
and dephlogiſticated;. It ſhould ſeem from 
his circumſtance, that there muſt be ſome 


common principle in the conſtitution ß 


them both; though from their ſo. readily 
uniting together, they ſeem to be things 
as different from each other as acid and 
alkali. This em a 2 1 | 
tigation. W Mc dcn 
ln ane —— 1 N edit 
FRY juice of | turnſole became red by being 
impregnated with- nitrous a; 1 found, 
however, that this muſt have been owing to 
ſome extraneous acid that was mixed with 
ſtood long in water, and transferred it into 
a veſſel of mercury, I impregnated with it 
ee tinged with the juice of turnſole _ 
nn any change in its colour. 
ing — 1 $29 


= * | 07 the conſtituent 
| ] have alſo obſerved that alkaline air ad- 
mitted to nitrous air, made a whitiſh cloud 
in it. But this muſt have been owing to 
the ſame cauſe ; the nitrous air in that 
experiment having been probably freſh 
made. For in the nitrous air which had 
been long confined by water, the mix- 
ture of alkaline air, did not produce the 
leaſt cloud. I perceived, however, that after 
the two kinds of air has been together a day 
or two, there was a ſmall quantity of a 
very deeply tinged blue liquor in the ſpace 
between the mercury and the glaſs; which 
ſhows that there was copper diſſolved in the 
nitrous air, and that it continued there after 
the extraneous acid was ſeparated from it. 
On this copper the volatile alkali had ſeized. 
Notwithſtanding theſe reſults, when the 
electric ſpark was taken in the very ſame 
nitrous air, with which: the preceding 
experiments were made, the juice of turn- 
ſole by which it was confined, preſently 
became red. This circumſtance deſerves 
to be examined with care, as it ſeems to 
be decifively in 1 of the nitrous air 
2 | containing 
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containing all the neceſſary elements of ni- 


trous acid. An aceount of ſome experiments 
of this kind will be found in the next ſection. 


1255 1 N | þ + 
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T HE experiments chat 1 de lately 
made on the fubje& of nitrous air, fe- 


late chiefly to that modification of it whieh, 
from its propetty of admitting a candle to 
burn in it, I have denomitiated' dephlogifti- 
cated nitrous air; but before I proceed to 
theſe, I ſhall, in this ſection, tecite à few 
others of a miſce}laneous'nature; ! 57715417 
Water ſeems to be a neceflary ingredient 
in nitrous as well as in inflammable air; at 
leaſt without a quantity of water, nitrous 
air cannot be formed. For example, cop- 
| * per 
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per will be diſſolved in ſtrong nitrous acid, 
but without producing any air, juſt as in- 
flammable ait is not produced unleſs the 
vitriolic acid in which the iron is diſſolved d 
be much diluted with water. 

That nothing is neceſſary to the for- 
mation of nitrous air beſides phlogiſticated 
nitrous acid and water, is evident from the 
production of it by the impregnation of 
pure water with phlogiſticated nitzous va- 
pour, formed by the rapid ſolution of biſ- 
muth; an experiment which I have men- 

tioned before, However, to make it in a 
more unexcegtionable manner, L interpoſed 

4 glaſs veſſel between that in which the ſo- 
—— was made, and that in which the 

Mater to be impregnated with the phlogiſti- 
Fd cated. vapour was contained ; that whatever 
of the ſolution was diſtilled over by the heat 

of the proceſs (which evidently occationed 
the dropping of a blue liquor from the end 
of the tube through which the vapour was 
delivered) might be prevented from reach- 
Ing the water. In theſe circumſtances, 
however, 
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however, when nothing but the dry phlo- 
giſticated vapour could enter the water, 
it began to ſparkle, and yield nitrous air 
very copiouſly, as ſoon as it had acquired a 
blue tinge from the impregnation- This is 
a very ſtriking experiment to eren 
when they have ſeen it the firſt time. 

Nitrous air is alſo produced by pour- 
ing a highly coloured, or phlogiſticated, 
nitrous: acid into pure water, in which. no 
metal or W matter is ny way, concern» 
ed. „ e ee lo ei one 1 

= + * fo Kin 7 that. a, ſolution 
of green vitriol readily decompoſes nitrous 
air, and thereby becomes very black, but 
that if this black ſolution be expoſed to the 
air, it loſes its colour again. Having im- 
ptegnated a quantity of the ſolution i in this 
manner, I heated, it in a glaſs phial, and 
faund that it gave out half i its bulk of pure. 
nitrous, air, but when it had loſt its dark 
colour, it gave no air at all by het. 

I haye. likewiſe obſeryed how readily ni> 
trous air is diminiſhed by taking the electric 

park in it, This experiment I have fre- 
IG? quently 
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ö 'tepeated; in order to aſcertain more 
particularly the quantity and quality of the 
reſiduum. In one experiment I reduced half 
an ounce meaſure of nitrous air; in leis than 
half an hour, to one quarter of its bulk; 


it inclitne water, there ſeemed to be-a llight 
precipitation; but this circumſtance will 
perhaps be explained 35 the following ek 
anne PROVE Ne er en Wr. £940 20007 

I took the electric ſpark i in a quantity of 
nitrous air tif there rethaibded no mote than 
onsathird of it, and this was completely 


phlogiſtitated; not affecting common air at 


all, and extinguiſhing à candle. ieee 
mattet was formed with the mereuty ov 
which the fpatk was taken, which made wa 
water admitted to it extremely turbid. 
At that time 1 foppoſed that this White 
ſubſtance was mercurial nitte, eonſiſting of 
nitrous acid from the decompoſed nitrous 
air aud mercury. 1 ſhall now examind it 
more particularly. Why there ſhould be 


more end Ins Wo this quantity: of 


411026 nitrous 


but then one-fourth of it was ſtill nitrous, 
and the reſt i phlogiſticated air. Receiving 


, Nitrous Ain in gent. gig © 
nitrous ait left pure phlogiſticated air, 
and not onę · fourth, as in the former ex- 
mim an matt arisnt 

In another proceſs Henan the, eleQric 
(parks in a quantity of nitrous air, till. it 
could be ho more dimiaiſhed when it Was 
in proportion to its former bulk, as 104% 
24. Letting it ſtand all night upon the 
mercury, it was increaſed to the proportion 
of 114 to 24, ſeemingly by the acid yniting 
to the mercury, and generating Marg, nitrous 
air, ſince it had that ſmell. No water ap+ 
peared. after the proceſs, and the Water ad- 
mitted to it acquired, no;acul taſte, but ag 
aftringent one, like water impregnated with 
nitraus air. There Was s white powder 
formedsi as in the former. CX periments, 9 
Thinkiag to make water imbibe the acid 
from the nitrous air, decompoſed in his 
proceſs; 1 took the electric ſpark in it with = 
a ſmall quantity of water over the mercury. 
But even this water did not acquire any acid 
taſte, but only an aſtringent one. ._ __ 

It remains to be aſcertained on what prin- | 
ciples the nitrous air is decompoſed in this 


2 0 
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proceſs.” That it is not by means of the 
heat communicated to it, may, I think, be 
inferred from an experiment, in which 1 
made a quantity of nitrous'air paſs through 
a red-hot tobacco pipe, without producing 
any change in it. Neither does it ſeem to 
be the light of the electric ſpark, fince 1 
have heated pieces of crucibles in nitrous 
air by the ſun rech without WY wy 
— in it. HPP ALS 

VU pon the 1 it may be moſt bln. 
ble that this change depends upon Pblo- 
giſton, as it is ſimilar to that which is made 
in nitrous air by the eontact of iron, and 
eſpecially by heating iron in this air. 
There is this difference, however, in the 
two proceſſes; that in that with electricity 
the reſiduum is wholly phlogiſticated air, 
and the intermediate ſtate of dephlogiſti- 
cated nitrous air is not hae At 138 , 
en wy u e 1 wy 
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. Wk 605 50 4 rhe vt tin 0367 baba 
garons I recite the experiments which 
) I-have made on this kind off air, I hall 
mention ſame obſervations on theptoceſs by 
which it is procured. fund the firſt thing 
that I ſhall obſerve is; that water is ibo 
lately: neceſſary to this decompoſition” of 
nitrous air; when it is effected by iron 1 
had decompoſed it before, either! by previ- 
ouſly filling the veſſels that were to contain 
the nitrous ait with warkr, or with mee 
cury; though it had always tequired much | 
longer time when mercury was uſed. The 
reaſon of this difference I did- not then 
know ; but I now perceive that it was 
owing to a ſmall quantity of Ty in 
the veſſel ann _ Gm 


Suſpeaing 
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guſpecting the influence of water in this 
proceſs, I procured a number of very clean 
ſmall needles, and having made a phial, and 
alſo a proper quantity of mercury, perfectly 
clean and dry, I put the needles into the 
phial ;” and filling it up with mercury, in- 
troduced the nitrous air. This phial con- 
tinued in the ſame ſtate fix or eight months, 
without the leaſt ſenfible change in the 
ſpaee occupied by the air. I therefore con- 
cluded that no change had taken place in 


316 


dt,. and therefore introduced a few drops of 
Vater; after which I perceived, in a day or 
two, that the air was diminiſied, and the 
diminution proceeded till about one-third 


of the air had diſappeared. In this ſtate 
the phial continued ſeveral months more; 
when, obſerving no farther change, I ex- 
amined it, and found that a candle would 
not burn in it, which I had expected it 
would have done ; as I imagined there was 
not water ſufficient to imbibe that part of 


the air which had enabled a candle to burn 


in it; and how this part of the air ſhould 
W or be converted into phlogiſti- 
| | cated 


= 
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cated air, without water, I could not tell. 
In another experiment the reſult was lane 
ingly different. 

On the söth of May, abba; I ns 

"a quantity» of nitrous air, which had- been 
confined by mercury with iron ſhavings 
from the 27th of Auguſt preceding, when 
I found one-half of it abſorbed, -. and 2 
candle burned in the remainder better than . 
in common air, though a mouſe died in it; 

and yet this air had remained ſeveral months 

in the fame ſtate, with reſpect to quantity, 
in which it was when I examined it; ſo 
that I concluded it would never have ex- 
tinguiſhed a candle, in conſequence: of any 
longer continuance in that tate. In this 
caſe, however, there was no ſenſible quan- 
tity of water at all; whereas in the other 
there were a few drops. Water, therefore, 
may contribute to this change in the air, 

independently of its ab/orbing any part of it. 
When I agitated this air in water, ſome- 
thing more than one-half was abſorbed, 
and n remainder eee a WN 


But, 
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But, perhaps, the more probable inſer- 
ence from this experiment may be that, in 
time, all the dephlogiſticated nitrous air is 
imbibed by the iron, ſo that nothing beſides 
the phlogiſticated air will be left in the 
veſſel; though there was no appearance of 
this being the caſe in the experiment with 
the needles; as the air did not continue! to 


diminiſh longer than uſual, and there re- 


mained two-thirds of the original quantity 
of phlogiſticated air. This, therefore, rather 
looks like a change of the dephlogiſticated 
nitrous air into phlogiſticated air, by the 

addition of phlogiſton from the iron. 

Another experiment I made with a view 
to aſcertain the degree of diminution at 


which the nitrous air begins to be decom- 
poſed. On the 14th of May; I ꝓut twenty- 
fout ounce meaſures of nitrous air into a 


quart bottle; previouſly filled with pieces 
of iron, that had before been ruſted in this 
proceſs. On the 18th. there were only 
ſeventeen ounce meaſures of air, and it was 
not at all changed; on the 21ſt tbere were 
Wirten ounce meaſures, and on the giſt 
| four 
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four ounce meaſures, of which half was then 
abſorbed by water, and the remainder was 
phlogiſticated air. This was the greateſt 
diminution that I remember to have ob- 
ſerved in this proceſs. But having ne- 
glected it from the 21ſt to the 31ſt, I did not 
find the time at which the decompoſition 
firſt took place; but in general I believe it 
is when about one-fourth of the quantity 
is remaining, and- that the change takes 
place pretty fuddenly, for I do not remem- 
ber ever to have found it in a middle ſtate. 

Having a quantity of iron that was re: 
duced to a perfect ruſt in theſe proceſſes, 
I had the curioſity to heat it in an earthen 
crucible, in order to examine the air -that 


| might be expelled from it, and the reſult - | 


was as follows: From ten ounces of this 
ruſt, I got about 180 ounce meaſures of air, 
mixed at firſt with much fteam. The firſt 
ſixty ounce meaſures were chiefly fixed air, 
with a phlogiſticated reſiduum, of the ſtan- 
dard of 1.7. The remainder came much 
more flowly, requiring about four hours 
continuance of heat. This contained no“ 

8 ö mixture 


8 


a> . Experiments. relating 10 
mixture of fixed air, and was ſo pure, that 


a candle burned in it pretty well, being of 


the ſtandard of 1.32, The matter was re- 
duced to one maſs, like iron, ſtrongly at- 
tached by the magnet. But, indeed, the 
ruſt itſelf had been ſo before the proceſs. 
It ſeems probable, . that the  dephlogiſti- 
cated nitrous vapour is contained in this 
ruſt, and that with the addition of the prin- 


ciple of heat it becomes aper dephlogiſti- 


cated air. int * 


In order to compare this kind of ruſt of 
iron. with that which is formed by expoſure 
to the atmoſphere, 1 took four ounces of 


the latter; and, by the ſame treatment, got 


from it 180 ounce meaſures of air, about 


ner half of which was fixed air, W ich a 


refidaum of. the ſlandard of 1.73 but the 


bulk of it was inflammable, burning with 2 


lambent blue flame. 
Dephlogiſticated nitrous air is The term 


by which I firſt diſtinguiſhed. this ſpecies s 


of air, becauſe it admitted a candle to burn 
in it (as 1 had called that air phlogi iflicated in 


. 


Which a candle would not burn, and that 
| e | 


* 
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dephlogiſteated! in yhich it bu ens better 
than in common ar, which; is alſo the caſe 
with that ſpecies of air of which I am no- 
treating) and Ino]. think I ſee more reaſon 

to approve of the appellation. Though this 
air agrees: with dephlogiſticated: air in ad- 
mitting a candle to burn in it, and ſome - 
times with peculiar brilliancy, it is as fatal 
to animals as the moſt perfectly phlogiſti- 
catehair. As an attention to the othet dif. 

ferent properties of theſe two kinds of air, 
which agree ſo remarkably i in one circum- 
ſtance, may be a means of throwing ſome 
farther light on the nature of combuſtion and 
reſpiration; I hall proceed to tecite the facts 
which I have lately obſerved telating to its 
7 haye formerly produced this dephlo- 
piſticated nitrous air by the contact of ni- 
trous ait with iron, and I have not yet com- 
pleted my obſerrations on this particular 
proceſs, fo, as to have aſcertained the quan- 
4 of nitrous ait that a given quantity of 

iron can decompoſe, the quantity of iron 
that @ PP quantity of  nitrqus air can de- 
Rrop, Ker As yet 1 Have: ſeen no iton'{ 
Vol. III. hk. 7 8; flat 
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| far An. ffected by this, proceſs, though it is in 
OY that fp revolt powder, as 
gt co be able o decompoſe, mare; nittons 
| 50 And 55 as readily ag freſh iron. 

„ ſha] J. juſt mention one experiment in 
Which this ruſted jron, and freſh/iron; Were 
made uſe of, The nitrous air, had been put 
to each of chem on the 27th. of Auguſt, and 
they were both, examined on the 18th- of 


'O « SL 


coher; when, in both caſes, the airwag 

1 to be diminiched to about one third, 
and a candle burned with equal brilljancy,in 
bath, - Water then abſorbe about ons half 
of elch of them; and the remainder. extin- 
guichedia candle. Neithet of. them. had in 
the; ſmalleſt degree the property; of ifreſh 
nigtoys: Ars). ne GE F l nt 
This may ſerve as a/recapitulation.of my 
former obſeryatiobs on this ſubjeftz/andjat 
the ſame. time ſerve to ſhew the, proper, gey 
Aeration. of -pblogiſticated air, from. nitrous 
air and phlogiſton; -agreeably, 10 that, ao 
valuable diſcovery of Mr. CavanDignz Who | 
bas actually, produced nitrqus, acid, * 
phlogiſticated ait. r e that nes 
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ond TFoüfthe Parr öf Af. y Gait or Bltrdil 
Air maß be Bolts plats Micstkdl dir; 
Alld ag the Hftrous acid vapour iti 90 

iron, it id problbſe that all the phlogiſton in 
the nitro air, and big 1357 f that 
Wich Velonged t the iron tial, ay be 
.- ted 

l 


employed in the foriiation of phlogiſti 

air." "For güce loin! puts Yr is expe 

by heat from the iron that has been oe 10 
this ptoceſs, it is poſſible that it had been 
deprwed ol ſote of its e phlogiſton. "Bur 
mort dura may be wanted" to 95 cterin ins, 
alm eis 92 the p pro portion of g. 
gittan ra e ed air; FR 107 1969 10 
This proceſs for procuring 8 prog Sigi 
erte Ritrons 'air Kaeiriög me ben. times 1 
have of late had recoutſe to another, ien 
unt beet w0 Efe tbrbiüte oF" Pet M 4 
dilut6 fotution of copp er in the bitfobs 422 
(the fame that Heihdins from milking nitro 
air) mixing with it again abbut an equal 
quantity of water.” Without this ptevaü- 
tion, tongh the iron will at Arft be afted 
aßen very lowly,” yet the mixture will at 
length grow ſo hot, as actually to boil; afd 


90 e the 


346 . e aaa 40 | 
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| the p roceſs will be exceeding glx troublefome, 
It wil be neceſſary, however, previouſly to 
2 the folution of copper, in. order” to 


expel from it all ſuperfluous nitrous! deid, 


though the keeping in it pieces of copper 


might anſwer the ſame purpoſe, | Without 


4 one of other Df theſe precautions, part of 


the air procured by diſſolving iron in it will 


be proper nitrous air; but with this pre 


caution the whole of it will be fuch a8 My 
trous air is reduced to by expoſing com- 
mon nitrous air to iron, that is, one third of 


it will generally be abſorbed by water, and 
the remainder will be proper phlogiſticated 


air, And having this mixtute- of dephlo- 
Lilticated nitrous air and phlogiſticated 
air, the former will be procured pure by 
bgitating the mixture in water, which will 
| Abibe1 it, and leave the phlog iſticated pat 
enabforbed. ö e epd 
. a5] A given quantity of water 1 Aud wilt | 
take up about one half of f Its bulk br this 
' Jephlogiſticated « nitrous air; and it 'does"It 


almoſt as readily as water ithbibts fixed air. 


The water thus ſaturated with the ait muſt 


- . 
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be heated, and then the -dephlogiſticated 
nitrous air will be. expelled pure, and may a 
be received in veſſels. containing mercury. 
J obſerved, however, that as. this: kind of 
air much reſembles: fixed ait, in its proper- 
ties of being imbibed by water, aud bei 
expelled from it again by heat, it does 
alſo in this farther property; that all the alr 
which has been actually incorporated With 
the An will not be imbibed. by water 
again. But the proportion of this part is 
much greater in this kind of ; air than in 
fixed: air. For in this (caſe I have. found it 
to be as 1 to 10 whereas in fixed air it 38.26 
about 1 to 30, or 40. This refiduum being 
examined, was found to be air partially pl 
giſticated, the ſtandard of it being about 1045 
ſo that a candle will jaſt hurg in it; -but 
| the quality of this refiduum ia nat always the 
ſame. The reſiduum of fixed air is generally 
much puter, viz. of the ſtandard of . . 
I obſerved, that when water fully im 
pregnated with this dephlogiſticated nitrous 
* is expoſed to the atmoſphere, it yery ſoon 
* 55 ROS, 
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Pato withicie, mach ſopner than water; inn 

pregnated with fixed air.. nic ram nr 
I mixedidephlogiſticated nitrous ait with 
all the other kinds of air that I. baveitriaddy, 
but it did not unite with any of them and 
no ſenſible change was made in it by anyraf 
them or by any of them in it; except that 
dephlogiſticated air was injured, being tre- 
duced from the ſtandard of olg to But 

this was, no doubt, by the addition of that. 
part of 'this air which is not miſcible with 

water, and is conſiderably phlogiſticated 


In this pure kind of dephlogiſticated gi+; 


trous air a candle burned; better than in 
common dir, but not ſo well as L have fre- 
queritly known it todo, as it is originally 
Produced mixed with phlogiſticatetl air a 
which ſeems to ſhew that ſome change ig 
made in it by being incorporated withjiwar!: 
ter: When it was mixed with inflammable 
1 wete exploded together with viou 
lence,” very much like a mixture oft inflam- 
mable and dephlogiſtieated air; but a mouſa 
died in it 48 * 46 in fixed air. % | lo! 
iam þ If It 
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It was natntal to ſuſpect, that ther might 


be ſomething acid in this air ut thawgh4t, = 


was 'readilyiicabſorbeds:by ve ung Ele 
with-rhe/jaice of turhſule, ab made no change 
in its colour. Neither we there ah thing 
alkaline in it. For when the ſlightoſti tinge: 
of red was given to this liquor by an acids; 
the blue colour was never in the leaſt; deb 
gres reſtored: by its impregnation: withzthis: 
kiuch of air.. (3h vs aid uob ron mew alt: 

The ſame th ing may indeed; ber inferted- 


fromlits not incorporating with either agil 
ori alkaline! air! In the experiment with 


the latter it appeared that this daphlon: 


giſticated nitrous airnis lighter than ον q 


mom air. F or mizing it with:-alkaliae., 


airg\ank/thenpattiog:acid/ait $0bitonbhe; 


whit) :eloud:/;formed- by their union Wal; 
almoſt vholly in the lower party of dhe 
veſſclan But iti is / not ſo much lighter ag, 


inſammable ain is found to be by, the fame. 


experiment. For in this caſe the bite 


load ine ver reaches thei top of the; deſe | 


ſel; where tlie inflammable air appears gh 
lj WE. remain 


D 
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remain, intitely unmised with the al ka- 
line nir th i ddl bi enam 
Thinking that, though dephlogiſticated 
air ready formed might not affect, or be 
affected by dephlogiſtieated nitrous air, it 
poſſibly might in its firſt formation; to 
try this, I revived mercury from red preci- 
pitate in this air. But the operation pro- 
ceeded juſt as it would have done in vacuo, 
the mercury being revived very readily, and 
dephlogiſticated air produced, without affect- 
ing, or being affected _ the" News, red 
cated nitrous dir. . 
No leſs remarkable was "_ ;reſules: of 
heating malleable iron in this air. Forithe 


bulk of the air was increaſed, and yet after · 


wards no part of it was imbibed by water. 


It was all phlogiſticated air, without any 


mixture of fixed air It ſeems, therefore, 
as if this kind of air wanted nothing but 
phlogiſton to make” it phlogiſticated air, 


and nothing but the prineiple of hear; to 
N e eee eee 


2h! lin 


This 
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This experiment happening to draw my 
particular attention, I repeated it very often, 
and always had the ſatms refult, though with 
variations, depending on tlie quantity of the 
air, and the heat 1 was able to apply. If 
this was ſufficient to melt the bits of 
iron, the effect was produced very quickly. 
As the particulars may be of uſe to fu. 


tute eee er 1 thall revits ſome of 


. nitrous air, two ounce meas 


heating malleable iron in it. Duting/th 
proceſs, ym fp harry eng rm 
fumes. What remained of the aft g of 


candle. 6 l ied [fs S 28 
Thgewing the deus 4 the lens about 
five minutes upon ſome filings of i iron in 
this Kind of air, the quantity was inereaſed 
one tenth. Afterwards water abſorbed about 
one ſixth of it, and the remainder extin- 


1 
, | 4 orci 


0 Wen unde ane * a — 


ſures remained unabſorbed by witer — 


the ſtandard of 1 7, and extinguiſhed a a 


rene a | candle, being of the Wenn of 


% ber Ave 
Irepęated the experiment with caſt iton 
turnings, and had the ſame teſult· About 
one, fifth vas added to the quantity water 
ahſorhed about. the ſame proportion: of it, 


and the. xcmainder Was of the ſtandard of 


18 Some little common ain may he ſups;, 
poſed. to hays, been introduced igto the veſ-. 
fel, along with the turnings t ſhavwings of 

Kh but this cquld net be much az. and in, 
all theſe, erperiments the addition produced 
in the. Proceſs Was A e {mall, part of What 
remained, unabſorbed by Water; ſo that there 
cap, be ng, 4 5 but, that this operatian 
Produces, a real change in tl 
che air fenckering it almaſt wholly, phlgr,. 
ee cih — D ee e A rwe 0 


at's . 


[ 


— 
and 


ey of —— it an _ ande 


with e a very good fun, Was very ingonfiderablez,, | 


the p een of that part of the air Which 


oeh was 
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vas ämmiſeible with water being clp ib 
creaſed in the proportion of 50 t% 7 . 
But the eircumiſtatee to wlfüch 1 h 2 
pened to give the greatelt attention with 
reſpect to this Kind of air, in the courſe of 
the laſt ſummer⸗ was the change chat is made 
in- it by beat, or ſiglu. For ſuch muſt be 
the agents, When bits oficlean/ctucibles, or 
retorts, are heated by a burning lens in- any” 
kind ofiair.-/ The conſequence of this pros © 
ceſs always was both an increaſe (of..that” 
part of the air Which will not unite with” 
wuater; and ale rendering it purer 
before, a ncaret to the ate E 
atmoſpherical fir exactly like the tefult 
of taking the electrie ſpark in fixed a1 
frequently ſtopped: in tlie middle of ; thas 
proceſs; and always found theſe effects to 
be more conſiderable the longer 1 continued | 

it. 1 ball give the particulars of thoſe 10 
erpetee only, on which” T 1 the 
greateſt dependence. % 554% H 
n Having imptegnated e of boiled 
water with dephlogiſticated nitrous air, A. 
bung chat the air expelled from it was 


again 


aguin 0 — in. C 
8 b . anten this a 
of:erncibleswhich had been joſt — 
red hot, introducing them into the air by 
means of a forceps; and after heating them 
an hour and à half, in a very hot ſun, found 
that a portion of the air was then unabſorbed 


thei ſtandard of the reſiduum was 1.55. 1 


ei the ait, and continued it half an hour 
longer, when the proportion of the part cht 
as not abſorbed by water, was to the other 
a6 to 40, and the ſtandard of this ref 
duum was 1045. No moiſture ever ap- 
5 peared. in the inſide of the veſſel, and there 
we, b. mb change in eee, 
the air. (4369-4 Fae} ab Hi) lc 
in a daa the lame dephlogiſicated 
nitrous air that- was uſed in the former ex- 
periment, I heated bits of crucibles, which, 


dried, though they had been made very hot 
in che ſun. In the courſe of this, proceſs, 
mins much 


dy water in the proportion of 4 to , and 


reſumed the experiment with what remained 


after being dipped in water, had only been 


OY 


a 
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much water appeared in! the veſſel) expelled 


no doubt from the earthen ware; Ind a 


the proceſs had been continued an 


— by water, was to the reſt as 41g to 


and the ſtandard of it was 1. 4A 1 17 0997 


N Examining a quantity of dephlogi ſticated 
nitrous air, in a portion of vhich I was about 
to heat bits of dry crucibles over: mercury 
found that by agitation in water 80⁴6 meu 
ſures of it was reduced to 305 meaſures, and 


the ſtandard of this reſiduum Was 11381 But 
of crucibles had bern heated about an hour 
in all, 63 meaſures were only reduced to 2 10 
and the ſtandard of this reſiduum was 1. 58. 


On this 'vccafion Tobſervell that the inſide of 
the glaſs veſſel was pretty:thickly coated with 


a black matter. - Jndeed;'in the former eu 


incruftätion; but I did not know whether 


it wie not have come from the earthen 
I think it highly probable;nthatvie 


ot —— ſuper - phlogiſticatecl us every 


other ͤͤy—“— Ir 


11 =) mercury 


\ 


a half, the part of the air thanittontacs | 


n 3 


j 
| 
} 
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—— — is probabls, 
| however, that ſome phlogiſticated! mätter 
paſſed from the air to the mercury, which 


phlogiſticated, though J do not pererive 
how it ſhould follow that it ſhould thereby 
render it leſs miſcible with water. But 


whatever proportion of phlogiſton be ne- 


with water, any cbunge in that proportion 


may make it Jeſs miſcible with it. 
ain theſe reſpects this change in the cb. 
ſtitution of dephlogiſticated nitrous air, 
very much reſembles that which is made 
in fixed air, both by the electric ſpark, and 
alſo by heating bits of erueibles in irt an 
account'of Which has been given before. 
a endeavbured to aſcertain whether tht 
change in the conſtitutibn of dephlögiſti- 


dated nitrous air was produced by mete 


bear, withiour light, by beating ch alf I. 


were initjjerſtd in wervur y; bits to hy 
great dilappeintment, J found that all Kinds 
of dir heated in this manner, danse dul coin: 


a mon 


would of courſe render the reſiduum more 


earthen tubes of tetorts, when their mbathy 


* 
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mon air, of rather air li eee 
In fact, the eurtheu yeſſelsi in that degres af 


been tendered; peryious to ait thought they 


perfectly air?) tight both before and after 
the experiment. tat 2190 N 

But the moſt effectual change that IW ˙ 
able to make in this kind of g ait as 
bringing it to a ſtate in which I doubt nat 
it was teſpirable, by means of the electrie 


park, Taking this park. or making ſmall 
exploſions in ꝙ of an ounce meaſure} of 


' dephlogiſticated nitrous! air, it was rendeted 


wholly immiſcible with waten, and of the 


ſtandard of 245 TT , e 

From this, experiment it ſbould i ſeem. 
that there is in this ſpecies of air ſomething 
that is copable of bring converted inte, pure 


it, and alſo; by ;pyrophoruy., ſpontat 
indling in the nitrous air, from which it. 1h 
formed A judicigus proſecution f theſe 
ane Fire throw, lighz 
ola upon 


beat o Which I ex poſed them, N muſt-have | 
ere glazed. inſide and- outſide, and were 


air., This, indeed, is ſufticiently, indicated | 
both by 2 candle dee eee 
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— relating us 
upon hs nature of both the kinds of air, 
and of combuſtion alſo. This kind of air, 
however, though a candle burns ſo well in 
it, will not kindle pyrophorus. I put a 


ſmall cupful of the pyrophorus into a 


quantity of this kind of air, and let 1 it re- 
main there a conſiderable time, without 


perceiving any ſenſible effect; but when I 
took it out, and put it into a veſſel. contain 


In the courſe of theſe experiments with 
the ſun, I obſerved a remarkable ſource. of 
fallacy, with reſpect to the increaſe of the 
quantity of air confined by mercury, when 


there is ſo much moiſture in the inſide as 
to be ſubject to ſudden dilations and com- 
preſſions. Fof a conſiderable. quantity of 


common air would get into the inſide of the 


mercury on the outſide of it, and of two or 
three inches within. In theſe circumſtances 
I have ſeen more than an ounce meaſure of 
the external air gain admiſſion in leſs, har 
one minute. This muſt have been occa- 
n by-the mercury never being in Par. 

op fect 


ing nitrous. air, it took fire immediately. _ 


. veſſel, when there was the depth of an inch of 
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fect contact with glaſs; fo that when the 
mercury was in a ſtate of undulation, the'air 
that was confined-between it and the glaſs 

was continually: protruded, and more air 
from the atmoſphere was forced into its 
place, by the ſame preſſure which ſupport- 
ed the column of mercury within the glaſs. 
This effect 11 prev vented by having a qua-" 
tity. of water uppn the mercury, on the 
outſide of the veſſel. For this would be in 
perfect contact with the glaſs; and in this 
205 * never found either air or water to 
get into 1775 veſſel bo” ard, my experi. 
ment. at fac big Pro's NA Te 6 
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Te application of electricity to ht 
| miſtry is as yet in its infancy. I have 


made ſome uſe of it. in the dodrine of air, 
and Mr, Cavxknieh has lately x made a moſt 
capital. one. This ucceſs ſhould encqurage 
us, to apply to it wit more aſſiduity, 
One of my firſt e experiments on che ſub- 
je& of air was that by which I procured'in- in- 
flammable air by taking the electric ſpark 
in different kinds of oil. In the acids no 
ſpark can be taken, on account of their 
being ſuch excellent conductors of elecri- 
city. However, a ſmall bubble of air may 
de left confined by any acid, and in this a 
ſpark may be taken, which will ae the 
contiguous fluid. This I have done, and 
ſome of the reſults are ſufficiently remark- 
able; but ſimilar to the effects of tranſmit- 
1 ting 
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ting the liquors in vapour, through a red 
hot earthen” tube, in which caſe the nitrous 
and vitriolio acids vn Mar ere 9 
air ait 0 

In * to W Ny electric ſpark f in 
nitrous acid, I admitted a ſmall bubble of 
common air into a. glaſs ſyphon, previouſly 
filled with that acid, placing each leg of 
the ſyphon in a different veſſel, containing 


ſome of the ſame acid, and I tranſmitted the 


ſpark, or ſhock, through a gold wire, on 

which the acid has no action. In theſe 
circumſtances every ſpark made a conſidera- 
ble addition to the quantity of air, and it ap- 
peared to be the puteſt dephlogiſticated air, 
Wich the vitriulic acid 1 had à ſimilar re- 
ſolt, but much more time was required to 
produce the effect. After taking the ſpark 
two hours in a bubble of air confined by 
this acid, in a ſyphon, the [greateſt part of 
which, was filled with mercury, and the 
legs of it ſtanding in baſons of mercury, 
the bubble was not more than doubled in 
quantity ; but the addition that was made 
to it hays to be dephlogiſtionted air, the 
$7241 | 3 ſtandard 
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ſtandard of it being, with equal quantities 


ticing, that though the oil of vitriol uſed: 
in this experiment, was of a light purple 
colour (which might be the reaſon why the 
the air procured from it was not both more 
in quantity, and better in quality) the part 
next to the air became perfectly colourleſs 
for the ſpace of about a quarter of an inch. 

When I ö repeated this experiment with 
common ſpirit of ſalt; the bubble of air was 


diminiſhed. one fourth; and though the 


operation was continued a long time, it ne- 


ver increaſed afterwards, and was ſimply 


phlogiſticated air. When I uſed dephlo- 
giſticated marine acid, the bubble of air was 
diminiſhed near one-half, but what remain- 
ed was ſtill phlogiſticated air. 
With pboſpboric acid, the air was. feſt di 
miniſhed one-quarter, and then increaſed. 
'This air I could perceive not to be affected 
by nitrous air; and by the redneſs of the 
electric ſpark in it, I have no doubt of its 
being inflammable air. But the quantity 
Vr ton ſmall to aſcertain it in any other 


manner. 
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manner. This acid is always ſaid to con- 
tain phlogiſton, and by this means it ſeems 
to be converted into inflammable air, : 

I had a ſimilar reſult when I took the 
electric ſpark in air confined by phlogiſticat- 
ed alkali. It was firſt diminiſhed one- 
fourth, and then increaſed to its original 
bulk; but the increaſe was very flow. 
When I examined the air, I could only ob- 
ſerve that it was not affected by nitrous air. 
The addition muſt, I think, have been in- 
flammable air, though the quantity was 
ſo ſmall, that the ſpark had no ſenſible red- 
neſs in it. = | 
I ſhall conclude the account of theſe ex- 
periments with mentioning one of ſmall 
conſequence, relating to the conducting 
| power of ſubſtances. Having boiled ſome 
linſeed ail, I put into it a quantity of 
| pounded glaſs. When it was cold it was a | 
ſolid black maſs, and conducted elericity £ 
perfectiy well through its whole ſubſtance, 
and was not, as I had expected, that kind of 
ſubſtance which conducts electricity n a 
v bl. . ſuch as 1 have Yeſcribed' in | 


£ 
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my obſetvations on charcoal, and which. l 
had often found to ineruſt pieces of glaſs | 
that had been made red hot. in vegetable 
oils. | I then melted the whole maſs; but 
though it remained black throughout, and 
had been covered from all acceſs of the ex. 
ternal air, it had no more conducting 
power than any other kind of glaſs. 


SECTION XXIII. 


of the Spears of Light on T apour , _ | 
of Nitre. | 


IGHT, beſides ſerving the. important 

_ purpoſe of vie lon, is likewiſe: a chymical 
principle, the effects of Which: are as yet but 1 
little known; though we have ſeen ſuf⸗ 
ficient reaſon to conclude, that it is a very 
important agent in the ſylem | of nature. 


Any 
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Any new facts, therefore, relating to ſo eu- 
rious a ſubject, muſt — ag ations 
MPH philoſopher. Ml 21 oui, 
After the experiments. whicho1 1200 
fore made on the colouring — of 
nitro: by which it appeared to depend upon 
phlogiſtön, it was ſuggeſted toe me by a2 
philoſophical friend, that the air incumbent 
upon the acid might poſſibly affect its vo- 
lour, and I was defired to attend to tat cir- 
cumſtance. Accordingly I did ſo, and found 
that air as ſuch had no influence in the caſe, 
but a'very- material one, as affording ſpace 
for the vapour of the acid to expand itſelf 
in; ſo as to be, in that Nate, ſubject to the 
action of ligbt, à thing of wan 1 had 10 
ſuſpicion before. 101 11,2145 
_ Having made a e wy eres 
ſpirit of nitre, which is readily done by 
making it boil haſtily (in order to prevent 
too great a loſs of the acid) and letting it 
eool again in the dark, I put different por- 
tions of it into ſeveral phials, ſome of them 
quite full, and others only half full, with 


A different ſpecies of air incumbent upon - | 


Z 4 them, 
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cho except the nitrous; which Liknew 
would immediately be decompoſed, and 
give it colour. Then leaving the phials 
expoſed to the light of. the ſun, in a few 

days I found the acid in all of them that 
were only half. full conſiderably coloured; 
whereas, the acid in the phials, that were 
quite full remained as colourleſs as water. 
After having had air of different kinds in 


thoſe phials which were only partially filled, 


I contrived: to have a vacuum above the 
acid]; hut ſtill, when it was expoſed. to the 
light, it became coloured, as well as Ws 
which, had. ait in contact with it, 
I then took ſome of the phials — 
only half full, and covering them from the 
light expoſed them for ſeveral. days to a 
conſiderable degree of heat, But in that 
ſituation they never acguired any colour. 
HhBeing now ſatisfied that it was the action 
of ligbt upon the vapaur of ſpirit of nitre 
that gave it colours I: unuſed myſelf _ 


* In this experiment I Fry a "lab 3 = 
cuted by Mr. Parker. It is of excellent uſe when Sher 
acids or mercury is employed. 42191 
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throwing a ſtrong light, by means of a lens, 
into the upper part of a phial, the lower 
part of which contained colourleſs ſpirit of 
nitre. And in this manner I found that I 
could ſoon give a ſtrong orange colour to 
the vapour of the acid; and that, being 
imbibed by the liquid acid with which it 
was in contact, this alſo became coloured, 
firſt at the . 2 ban ere . its 
e * 

In 15 manner Ught acts, in order to 
give colour to the vapour of nitrous acid, 
remains to be determined; but that it is 
by imparting pblogiſton to it, is highly pro- 
bable, becauſe the liquid acid will become 
coloured by means of any thing that con- 
tains phlogiſton, independent of light. It 
remains alſo to be aſcertained; why light has 
not a ſimilar effect on the vapour of ſpirit 
of ſalt, that of other acids, and vapours 
of other kinds. But when a ſufficient de- 
gree of. attention ſhall be excited to the 
ſubject, it may not, perhaps, be very diffi- 
cult to make much farther progreſs in the 


inveſtigation 


346 The Influence of Light, Sc. 
inveſtigation of the chymical properties of 
light, and its action upon bodies in general. 
I had been told that the blue colour of 
the ſolution of copper in ſpirit of nitre de- 
pended upon light. But when I was en- 
gaged in the preceding experiments, I ſatiſ. 
fied myſelf that it did not. For having firſt 
taken the moſt effectual care that the ſolu- 
tion was made with the moſt colourleſs 
acid, I examined it afterwards in the night, 


with the fainteſt light of a candle; and in 


ſeveral trials always found it as blue as any 
ſolution that had been made in the open 


day-light. I therefore conclude that phlo- 


giſton, as ſuch, independent of any thing elſe 


relating to light, is the thing that gives 


colour to this acid. That light does con- 
tain phlogiſton, is, I think, evident from 
various chymical Wy: orion 36 
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AVING; Pg che e of 
4 that paper in the Philoſophical Tranſ- 
actions which makes the ſecond ſection of 
this volume, made a few other experiments 
of the ſame kind with thoſe recited in it, 
1 ſhall introduce them here, by way of S- 
plement to it. Thoſe already recited relate 
chiefly to the action of fteam upon charcoal, 
or iron. I have ſince extended them to 
' ſome other. ſubſtances, and though the re- 
ſults are not very important, it * be of 
ſome uſe to relate them. 

Having made another experiment ith 
iron, with as much attention as I could give 
to it, 1 ſhall in the firſt place mention H 
From two ounces of iron turnings (which 
is caſt iron annealed) [ got in the firſt in- 
Rance. 985 ounce meaſures of air, with the 

| loſs 


348 | On hes be of 
loſs of 528 grains of water; and the iron, I 
found, had gained 292 grains in weight, 
Then making four ounces of water of this 
reſiduum paſs over the ſame iron, it gained 
four grains more, and all the air that I pro- 
cuted was 998 ounce. meaſures. So that 
(as extreme accuracy is not to be obtained 
in proceſſes. of this kind) it may be ſaid 
that two ounces of this kind of iron will, in 
this way, yield 1000 ounce meaſures of air; 
whereas by ſolution in vitriolic acid it 
would have yielded about 800. Conſe- 
quently more air by two fifths may be pro- 
cured by this new mode of treatment, which 
alone ſhould nen it to thoſe wild 
dill:batlbons; 1-5. 

Having aimed this proceſs as the 
chojnd and the moſt convenient for filling 


balloons, eſpecially when tubes of caſt iron 


ſhould be made uſe of; I was willing to 


make a trial of one, in order to form ſome 


judgment how long they would laſt for the 
purpoſe. I therefore procured one of an 
inch and a quarter in diameter, and not more 
| than a-quirter of an inch in the thickneſs 


$75) | of 
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of the; metal; and making tlie middle part 


of it red-hot, ſent ſteam through” it; and 
from the: reſult of four or "five pfroceſſes 
with the ſame tube; 1 have little doubt: But 


that, if they were made of the thickriefs "of 
half an inch in the metal; and care was taken 


to coat them on the oũtſide with clay ati 
fand; the fame tube might probably” ſerve 


twenty times. That the reader may form 


ſome judgment as well as myſelf, * "(hall 

mention the reſult of my Gbſervatichs. ata 
I heated the tube fouf or fibe aiferent 

times, and in each 'proceſs' trabſmitted a 


much water though it as” Would” have 


been mote than ſufficient to deem pole all 

the iron that it could have contained. At 
firſt four ounce meaſures of water prochfed 
180 ounce meaſures of ante Air, and 


then fix ounce meaſures procured only 160 


ounce meaſures. I then examined the tube, 
and found that when both the inſide and out- 
fide were well ſcraped with a ſharp] inſtrument, 


it had loſt” twenty-five grains in weight. | 


The ſcales from the outſide weighed 282 
grains, while all that I could get from the 


' inſide 
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 infide weighed.gnly. 36 grains. Conſequently 
the. tube had gained in weight 289 grains, 
After this I heated. it again, and tranſmitted 
through it ſix more ounces of water, which 
Wen only oo ounce meaſures of air. 
From theſe experiments it may be in- 
ferred, that the tube would ſoon have ceaſed 
to give any air; the inſide being changed 
into ſome depth by the action of the ſteam, 
and yet it was not much diſpoſed to exfo+ 
liate. In time it would, no deubt, have be- 
come brittle, and might be in danger of 
breaking, from its diſpoſition to bend in the 


equiſe, o the procels.,, This .bending. was 


very conſiderable; but did not ſeem to ariſe 
from any tendency in the iron to nielt, 
Perhaps by turning it in cooling, this bend- 
ing, and conſequently. the danger of ; cracks 
ing after much uſe, might be prevented; 
or this property of bending might in a 
great meaſure ceaſe, when the metallic ſtate 


of the tube was deſtroyed; and yet with 


care might continue a firm and compact 
tube, and as fit for this proceſs as at the 
firſt. If this ſhould be the caſe (which 


experience 
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experience alone can determine) it is not 
to ſay how long a tube of this kind might 
laſt; It would then be a kind of earthen 
tube, of the moſt perfect nature, completely 
air tight, without being ſubject to 221 
A et Holle os em 0 
Upon the whole, ſhould the . 
balloons be reſumed, I ſee no reaſon why: far 
the greateſt, part of the expence attending 
the filling of them might not be ſaved by 
means of this proceſs. A complete appara· 
tus for it would not coſt half ſo much as 
the filling of a ſingle balloon, that Would 
carry a man, in the common way, and would 
ſerve at leaſt a conſiderable number of times, 
with the expence of a very few pounds each 
time; as there would be hardly any thing 
to pay for. beſides fire, and attendance, for a 
few hours. For ſuch iron as would beſt 
anſwer for this purpoſe might, in moſt 
places, be bad for a mere trifle. One ap- 
paratus, conveniently fixed, e for 
a whole town or neighbourhood. 7 
Having been able to deatnipalh iron by 
converting it into tales, 1 alſo. found: that 


in 


— 


in this way, I could readily procure flowers 
of zinc, as well as inflammable air from that 
metal. The flowers came over in a very 


them. It might be poſſible, howeyer, to 
contrive an apparatus to collect them.. 

Braſs being made with a mixtute of 
zine and copper, and zinc being ſo eaſily 
decompoſed by ſteam, whenever -a copper 
tube is ordered for the, purpoſe of theſe ex- 
periments, particular care ſhould. be taken 


though it is difficult to have copper caſt 
ſmooth and ſolid without a mixture o of either 
braſs or tin, which is not much better. 
Even pure copper tubes become brittle, and 
at length crack in theſe experiments. Offi 14 

Having at one time been perſuaded to 95 
a little braſs mixed with the copper i in one 
of theſe tubes, I conſented that the fnalleſt 


quantity that could be fippoſed to. be ne- 


ceſſary to make the tube compact, ſbould be 
put into it. But notwithſtanding this, and 
though the tube had a quarter of an inch 
thickneſs of metal, it fell to pieces in the 


very 


3 


attenuated ftate;:the air being loaded with 


that there be no mixture of braſs in it, 
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very firſt experiment, in which I ſent the 


ſteam of no more than two or three ounces 
of water through it. Inflammable air was 
produced very copiouſly, and the flowers of 
zinc were mixed with it; ſo readily did the 
ſteam ſeparate the zinc from the copper, 
though the heat was only ſufficient to make 
the tube red _ and was far from melt- 
ing it. 

Lead would ebay be far leſs affected 


than copper in theſe experiments; but then 


it will not bear a read heat without melting. 


made the ſteam of about four ounces of 


water paſs over four ounces of melted lead, 
in an earthen tube, with hardly any ſenſible 
effect. The loſs of water was not more 
than o. 2 of an ounce meaſure. 

After uſing charcoal in the experiments 
recited in the preceding ſection, I went 
through one proceſs with cook, or the cinder 


of pit coal, and found that from 174 grains 


of coak, and with the loſs of 528 grains of 
water, I got 1700 ounce meaſures of air, of 
which one fifth was fixed air, and 30 ounce 
meaſures of it weighed ten grains leſs than 

bow. III. ne: an 


— —— — :. — 
a * * 


fi 
1 


2 —— — ů I ons ©, AX >> 


EEG 


47% 


. 354 On the' Action, &c. 


an equal bulk of common air. The ana- 
lyſis of this air will be found in the ſection 
W to that ſubject. 

On iron ore this proceſs had no effect. 
The ſame was the caſe with the trial I made 
of quick lime, and ſuch would probably be 


the caſe with dephlogiſticated earths in 


general. 

With manganeſe, h the reſult; was 
different. Having made the ſteam of four 
ounces of water pals over 8 28 grains of this 
ſubſtance, which had been. expoſed to a 
ſtrong heat in an earthen retort ſome time 
before, I got 35 ounce meaſures of air, al- 
moſt the whole of which was pure fixed air, 
with a reſiduum a little better than common 
3 manganeſe had loſt 132 grains, 


and from being black, was become very 
brown. Again, I tranſmitted. the ſteam of 


eight ounces of water over two ounces and 
an half of manganeſe, , and got about 109 
- ounce meaſures of pure fixed air, with a 
reſiduum 2 little phlogiſticated. The man- 
ae had loſt 112 SH: | 
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HE moſt important of all the: metals i is 
unqueſtionably i iron, and it ſeems to be 
that which is as yet the moſt imperfectly 
mucke and in the manufacture of which 5 


ks £@# 4, x 


make uſe of wp! at leaſt for the Tg - 4 
| procuring inflammable air (that being the 
cheapeſt proceſs by which they can make 
it) it falls daily under their obſervation, and 
in conſequence of this it may be hoped, that 
we (hal gradually gain a more perfect 
knowledge of it, and that this knowledge 
will lead to improvements in practice. 1 
cannot promiſe much with reſpect to my 
own obſervations'on the ſubject, but all new 
fats ought to be reported, and ſome that 
have occurred to me are of ſuch a nature, 

Aa2 as, 


. 
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as, in the hands of manufacturers in a large 


way, may perhaps be of ſome utility, 
One of the greateſt differences with re- 


ſpe& to-iron is between that which is called 


caſt iron (which is the ſtate in which it 
comes from the furnace) and that'which is 
malleable. In the former ſtate, though ex- 
ceedingly hard, it is brittle; ſo that it can 
no more be brought into any other form 
without melting, than glaſs, but when 
melted, it ſtill continues iron. In the mal. 
leable ſtate, it is no longer capable of being 
melted again, and continuing to be iron, 


but it is flexible, and without melting, may 


de hammered into any ſhape that is wanted. 
1 had formed an idea, from what I had 
formerly read on the ſubject, that this great 


change in iron was made by nothing more 


than violent hammering while it was red 
hot; but when I faw the real proceſs, 1 
was ſoon convinced that this was a miſtake. 


For in the finery furnace (or that furnace 


which is intended to refine the iron, and 
make it malleable) the caſt iron is expoſed 
to a ſtrong blaſt of air, while it is red hot, 

12 | or 
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or rather in a half melted tate ; and it is 
this blaſt of air that is the moſt neceſſary, 
if not the only neceſſary circumſtance, in 


producing this change, Alſo, while the iron 


undergoes this operation, a quantity of li- 
quid matter runs from it, and when it is 
cold acquires the form of a black cinder ; 
which, from the name of the furnace out of 


which it flows, is called fnery' cinder. The 


nature of this ſubſtance, I think, I have in- 
veſtigated. When this finery cinder is ſepa+ 
rated from the common maſs, what remains 
of the iron is actually malleable ; but being 
in looſe ſpungy maſſes requires the hammer 


to conſolidate it, and to reduce it into à pro- 


per form for farther operations, Alſo, a 
conſiderable quantity of finery cinder re» 
mains in the interſtices of the ſpungy maſſes, 
and the hammer 3s uſaful in Sg 
it, 

A farther dhe bangs in the con- 
ſtitution of iron, is that by Which it is con- 
verted into feel, which is made by cementing 


it with charcoal. It is then capable f 


808 made elaſtic, and of receiving various 
| Aa 3 degrees 
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degrees of hardneſs, according to the ſud- 
denneſs with which it is cooled after it has 
been made red hot. It is alſo then capable 


of being melted, without leg its metallic 


character. 
At Birmingham, I find it is common to 


ſubject caſt iron to this proceſs of cemen- 


tation; and then it is ſaid to be annealed, 


This gives it a ſlight degree of flexibility, 


ſo that it may be uſed for ſome kinds of 
nails. Having an opportunity of procuring 
theſe nails, both before and after annealing, 
T have made many experiments on them, 
and find that this proceſs makes a remark- 
able difference in the chymical properties of 
the metal; and ſuch as I ſhould not have 
expected à priori. 

Iron that is canceled. as well as hat 
which is malleable, and alſo ſteel, is readily 
diflolved in diluted oil of vitriol, and leaves 
very little reſiduum; whereas the caſt iron 
that has not been annealed, diſſolves with 
great difficulty, and when it is diffolved, 
leaves a great quantity of black reſiduum. 


The ſolution itſelf is alſo attended with 


ſome 
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ſome appearances of a very ſtriking nature, 
which I ſhall deſcribe as uy omg 07 
me. 

Evan aa geeins of caſt iron, — 
the form of nails, I got, by oil of vitriol di- 
luted with about three times as much water, 
in the courſe of ſome weeks (for without 
external heat leſs time is not ſufficient) 69 
ounce meaſures of inflammable air, exceed - 
ingly offenſive to the ſmell; The nails ſtill 
retained their form, and as after repeatedly 
heating the mixture till it boiled, very 
little more air came from them, I examined 
them, and found them to be pretty ſoft, ſo 
that I could eaſily cut them with a knife. 
They had alſo the ſame highly offenſive 
ſmell with the air that had come from 
them; and being put into a jar of com- 
mon air, they ſoon nn or em 
cated, it. 

When theſe nails were ths tha: were 


brittle; and though white on the outſide, 


they were black within; and after being 
haſtily dried, they appeared to have gained 
fifteen grains. This experiment explains 

Aa 4 what 
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what Tam told is commonly obſerved by 
thoſe who put iron pipes into pits, in which 


there is water impregnated with vitriolic 


acid. For in time they become quite ſoft, 
or, as they call it; rotten, ſo that they can 
be cut with a knife. That a good deal of 
all the conſtituent parts of iron remains in 


this ſubſtance, was evident from the Tati 
of my melting a piece of it with a burn- 


ing lens. For though it neither gained nor 
loſt any weight, it ſpirted a little in the 
Fuſion, and threw out ſparks, juſt like oat 
iron in the ſame experiment. 


I was too haſty, however, in cotieluding 


that the proceſs above mentioned was oyer, 


as the next experiment will ſhew. Half an 


ounce of caſt nails had been kept in oil of 


vitriol, diluted with three times as much 


water, about three weeks, and though the 
menſtruum had been changed ſeveral times, 


and they had yielded 1 30 ounce meaſures of 
air, they retained their form. But I then per- 


ceived ſome ſpecks of black matter floating 


in the liquor, and after a few days more, 
I found one-third of the phial in which 
the 
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the ſolution was made quite opake with 
them. - Nothing then remained in the fem 
of a nail; and during this breaking up of 
the nails, the ait had come from them much 
more copiouſly than it had done for a con- 
ſiderable time before. For the whole quan- 
tity of ait was now 190- ounce meaſures; 

The air, however, comes pretty readily at 


the beginning of this / proceſs. ; For 66 
ounce meaſures were procured in a very 


few days, whereas that quantity was not got 
in as many weeks afterwards, till the form 
of the nails was deſtroyed. The black 
powder that remained after this proceſs had 
a very offenſive ſmell ;- and when dried 


haſtily, weighed 18 grains. From another 


equal quantity of theſe nails this black 
powdery reſiduum weighed ſeventeen grains 
and a half, and this was. the uſual propor- 
tion of its weight to that of the iron, _ 
What this 4/ack matter really is, how 
the proceſs of annealing can ſo greatly leſſen 


the quantity of it, and what connexion this 


circumſtance has with the ſolubility of the 
iron in acids, are queſtions that well de- 


ſerve 
\ 


, 
: 
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ſerve conſideration; and I think it very poſ-. 
ſible, that a little attention to the ſubject 
may lead to an eaſy ſolution of them, and a 


farther inſight into the nature of iron. 


Another phenomenon in the ſolution of 
this caſt iron being exceedingly remarkable, 
and with reſpect to myſelf, an unique (for I 
have never been able to repeat the obſerva- 


tion) I ſhall mention the particulars exactly 
as they occurred to me, and as I noted them 
in my regiſter at the time. 


In ͤ the courſe of laſt winter, I hed-, put 


half an ounce of caſt iron nails into a mix- 
ture of oil of vitriol and water, and in the 
ſpace of about two months, in the cold 
weather, they had yielded 72 ounce mea- 
ſures of air; but the menſtruum not hav- 
ing been changed, much copperas was con- 


creted among the nails. In the following 


ſpring, when T began to give more attention 
to the proceſs, I changed this liquor, and 
oecaſionally applied to it the heat of a 
candle, in order to accelerate the ſolution. 
A few days after this I obſerved in the li- 


me a great number of rranſparent la- 


Ty 
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ments, a quarter, or half an inch in length, 
like the fineſt hairs, part of them adhering 
to the nails, at the ends, but the - greateſt 
quantity of theſe  hair-like cryſtals, as they 
may be called, were detached from. n, 
and floated in the liquor. | 
Taking ſome of them out of then men- 
ſtruum, I found that they diſſolved in freſh 
water, but not immediately. I then took 
them all out of the phial, and to the ſame 
nails put freſh oil of vitriol and water; and 
in a few days more of theſe cryſtals appear - 
ed, but not ſo many as before. On heating 
the liquor while they were in it, they all 
diſappeared; but after a few days they ap- 
peared again, and kept increaſing very 
much. I made them diſappear a ſecond 
time in the ſame manner, and with the re- 
turn of cold they appeared again. Having 
poured off this liquor, with the cryſtals in 
it, I heated that liquor, and made them diſ- 
appear, but they re- appeared in the ſame li- 
quor when it was cold, and no more in the 
freſh liquor that was put to the nails. Af- 


ter this the nails broke up, and the air 
came 
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came very rapidly, as in the former pro- 
ceſs, and, in all, theſe nails yielded 103 
ounce meaſures of air. 

As theſe cryſtals were formed a little 
time before the nails broke up, I imagin- 
ed that, whatever the ſubſtance was, it was 
that which had held them together, pre- 
venting their eaſy ſolution, and that it was 
attracted from the iron in the operation of 
annealing,' I alſo thought, that by repeat- 
ing this proceſs, and watching it a few days 
before the breaking up of the nails, I could 
not fail to find the ſame appearance. But 
though I repeated the experiment, and with 
all the variations that I could think of, 
1. was never gratified with a ſecond fight of 
theſe beautiful cryſtals, 

As theſe cryſtals were evidently of a ſaline 
nature, I concluded they were only martial 
vitriol, though in an unuſual form. To aſ- 
certain this, I diſſolved all the fragments 1 
could collect of theſe cryſtals in water, and 
ſet it to evaporate. But inſtead of finding 
any green vitriol, there was only a black 


1 5 incruſtation left on the evaporating veſſel. 
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There has been ſome difference 'of opi- 
nion among chymiſts concerning the pro- 
portional quantity of air yielded by iran and 
feel. Having taken ſome pains to aſcettain 
theſe facts, at the fame time that T was 
diffolving iron and ſteel for other purpoſes, 
I ſhall here mention the reſult of my ob« 
ſervations reſpecting the air that is yielded 


by all the kinds of iron that have fallen 


under my notice. I repeated the expeti- 
ments ſeveral times, but the reſults often 
varied, without my being ſenſible of any 
change in the cizcuralkincks' 655 es — 
timents. 

What quantity of air came ku oft iron 


in the experiments mentioned-above, I have 


noted in the account of them but as 1 
frequently repeated the experiment, eſpe- 
cially with a view to find the hair like 
cryſtals that I have mentioned; I ſhalt here 
put down the different quantities of air, of 
which 1 alſo took an account in ſome of 
them, as well as of the reſiduume of black 


matter, which I obſerved at the fame time. 
At one time a quarter of an ounee of caſt 


iron 
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iron gave ninety ounce meaſures of air, half 
an ounce gave 163 ounce meaſures, and two 
ounces gave 727 ounce meaſures, leaving a 
reſiduum of black powder, which weighed 


ninety- eight grains; and four ounces of the 


iron gave a reſiduum of 163 grains. Upon 
the whole, therefore, a quarter of an ounce 
of this iron may be ſaid to give ninety ounce 
meaſures of inflammable air. 


Of the annealed caſt nails, a quarter of an 
ounce gave at one time roi ounce meaſures 
of air, at another time 10 c;, at another 106, 


and the moſt of all 107. Half an ounce 
gave 212 ounce meaſures. Half an ounce 
of iron turnings, which is iron leſs perfectly 


— gave ninety-ſix ounce meaſures of 


4 It is evident, therefore, that the an- 
nealed caſt-iron gives conſiderably more in- 
flammable air than that which had not been 
annealed ; and this is eaſily accounted for, 
from the much greater quantity'of refiduum 


from the iron that has not been annealed, - 
which refiduum, it will be (roms! contains 


wn Phlogiſton. 


A quarter 
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A quarter of an ounce of fee! gave ninety.” 
ounce meaſures and an half of air, 1185 
grains gave ninety - five ounce meaſutes and 
an half of air, and the ſame weight of the 
very ſame iron from which that ſteel had been 
made gave ninety- ſix ounce meaſures... Half 
an ounce of ſteel gave 207 ounce meaſures, 
and the black reſiduum, though greater than 
is found in the ſolution of iron, or caſt iron 
annealed, was too ſmall to be weighed. At 
other times, however, it has been much 
more conſiderable, though I have no note 


of the exact quantity that I found in an 


experiment. It is alſo obſervable, that in 
the ſolution of this half ounce of ſteel, in 
which, there was ſo little reſiduum, the 
quantity of air was unuſually great. And, 
I preſume, that the differences in the quan- 
tities of air from given weights, both of 
ſteel, and different kinds of iron, will always 
be in ſome reciprocal proportion to the 
quantity of this reſiduum, which I have 
never found any ſolution of iron to be en- 
tirely without; and this will account for 
the different quantities of air that different 
perſons 
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perſons have reported to have found both 
in iron and in ſteel. As a greater quantity 


of inflammable air was procared from an- 


nealed caſt iron, than from malleable iron, 
I think it may be concluded, that ſteel 
(which is malleable iron annealed) will 
always give more air than iron,” provided 
that, in the ſolution; it (ſhould yield no 
greater a quantity of black reſiduum. But 
in general there is much more of it found 
in the ſolution of ſteel than in that of iron. 
This black powder which remains from 
the ſolution of iron or Reel, and eſpecially 
that from che caſt iron not ahnealed, which 
is in ſuch great quantity, well deſerves to 
be thoroughly examined.” "Having made a 
few "miſcellaneous experiments TR it, I 
ſhall here give the reſult of them. Putting 
eighteen grains of it into ſpirit of (alt, there 
femained eight grains undiflolved: © This 
was of a grey colour, but being Tprinkled 
upon hot iron; it did n this teſt, 
cem nf ep 10 ue 264.2 doe 
I expoſed a quantity of it to the Heat of the 
burning lens in vacuo, and found the ait that 
was 
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was expelled from it ta be one ninth; fixed 
air, and the reſt inflammable, of the explo- 
five kind. Ten grains of the powder gave 
nine ounce meaſures of air; but a good deal 
of this light powdery ſubſtance was uns- 


voidably loſt in conveying it en the 


Water after the proceſs, A q 
This matter alfo appears to cantain ſomes 


thing of iron, though it is no longer ſolu - 


ble in oil of vitriol. For being enpoſed 
to the; beat of the lens in open air, it was 
melted, and: weighed juſt the ſame before 
and after fuſion, which had alſo been the 
caſe with; that caſt iron which had been 
imperfectly ured. in oil of GG and 
regina -ite. form. „ 
From the air which. this; black 888 
| gange it may be concluded, that it contains 
much plumbago; but that Which remains 
after the ſplution of malleable iron, or 
ſteel, ia more nearly, or perhaps perfectly 
ſo, .. Nineteen grains of this (though it is 
poſſible that ſome of the other might have 
been, accidentally mixed with it) was re» 
duced- te fix grains, by being melted with 
Vor. III. B b the 
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the heat of the lens in the open air, and 
then became a glaſs, or ſlag; which was 
nearly the ſame reſult that I had from ge- 
nuine plumbago, the greateſt part of which 
is reduced into fixed and inflammable air. 
The proceſs of cementation is not, I am 
perſuaded, ſufficiently underſtood. It is the 
opinion of thoſe who make ſteel, that the 
metal neither gains nor loſes weight in the 
proceſs; Thoſe who anneal caſt iron tell 
me; that it loſes conſiderably in that pro- 
ceſs, Which is ſimilar to that of making 
ſteel, though the iron is taken in very dif- 
ferent ſtates. On the contrary, 1 found 
both malleable iron and caſt iron to gain 4 
little weight by cementation in my fires. 
Seventy- two grains of iron wire gained 
three grains, and became of a dark black 
colour, and three ounces of caſt iron nails 
gained ſix grains. But perhaps the heat 
that I uſed was too great for the purpoſe. 


For in conſequence of this iron will attract 


water, and become in part ſcales & iron, 
which is always attended with an increaſe 
of weight; whereas in the ſame proceſs 

with 
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with a long continued and moderate heat, 
it is very poſſible that ſome of the elements 
of that black matter, or Plumbago, may go 
out of the iron, and join, the charcoal, 
forming perhaps a ſulphur, which may be 
ſublimed, and diſperſed in the process. 
I have obſerved that I once expelled from 
ſude annealed caſt iron nails ſuch inffam- 
mable air as conſtituted fixed air, When it 
was decbmpoſed with dephlogiſticated air, 
which ſhews that it had imbibed ſome of 
that kind of inflammable air which is pe- 
culiar to charcoal. But when! 4 diſſolved | 
that kind of iton in vitriolic acid, the air 
was the very ſame with that which came 
from malleable iron, no fixed air N pro- 
ne the wee nend of 1% 
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T. E moſt uſeful of my oblerrations on 
the ſubject of iron relates to the nature 
of the Anery cinder, the ſubſtance which, I 
have obſerved, runs in; a liquid form, from 
caſt iron in the proceſs, of converting it into 
malleable iron. This has generally been 
conſidered as a thing of no value; and is 
commonly thrown away as ſuch, though my 
brother-in-law, Mr. Wil K1N80N, has, with 
advantage, made uſe of a certain proportion 
of it in the ſmelting of iron. I flatter my- 
ſelf, however, that by a due attention to 
ſome obſervations which I ſhall here relate, 
this ſubſtance may hereafter be em ployed to 
more advantage. But before I mention this 
uſe of it, in reducing it to iron, I ſhall recite 
ſome experiments which I made with a view 
to aſcertain the nature of it. 


2. 2 2 
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The firſt thing that occurred to me, was 
to attempt the ſolution of it in the ſeveral 


mineral acids, which I did with the follow- 
ing reſults, Putting 60 grains of it, finely 


pulverized, into each of the three acids, and 


leaving them two or three-days'to digeſt; 
of that which had'been in the vitriolic, and 
alſo of that which had been in tlie marine 


400 there remained 15 grains undiſſol ved 3 
but of that which had been expoſed to the 


nitrous acid, 40 grains. Another time, '* 


obſerved that of 74 grains expoſed to the 
ſpirit of falt, 30 remained undifſolyed. 

This ſubſtance, as it comes from ah 
common furnace, i is ſeldom without ſome 
portion of iron, as appeared by melting it 
in the ſun, When 24 grains of 1 It \pained one 
grain in weight. It alſo gained a little 
weight -when I expoſed it to the Wd I 
ſteam in. an hot earthen tub. 1 

Finery cinder, when hot, readily unites unites 


with 984 kinds of earth, greatly promoting | 
their fuſion, in the fame manner as the fuer, 


which has its name from that circumſtance. 
Artetnpting to get air from the finery cinder 
Bb 3 in 
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in an earthen retort, 70 ounces of it yielded 


40 ounce meaſures of air; but as the retort 


Was diſſolved, and moſt of the contents run 
out, nothing certain could be pronounced 


concerning the origin of this air, of the laſt 


portion of which three-fourths were fixed 
air. The ſtandard of the reſiduum was 
1.67. In one part of it a candle was ex- 
tinguiſhed, but another 2 Was A ghtly 
inflammable. | | 

The circumſtance that rt 2 gaye me an 
infight into the real nature of this finery cin- 


der, was my having found a piece of malle- 


able iron become throughout a perfect finery 


cinder, in conſequence of being left in tho 


open fire of my furnace, when the heat had 
been very great. The appearance of it alone 
ſatisfied me, that it was the ſame thing; 


and comparing it in a variety of pro- 


ceſſes with real finery"rinder, J found that 
they did not differ in any reſpect. They 
appeared alſo to be the fame ſubſtance with 
the ſcales which fall off from iron when it 
zs heated in an open fire, with that which 
malleable iron is [hrought to by being 


melted 
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naela6d:i in the open air, or in dephlogiſticated 
air, and alſo by being expoſed to the action 
of ſteam when it is red hot. 1 In, all the 
different proceſſes recited in my paper on 
phlogiſton, it was perfectly indifferent which 
of theſe ſubſtances I made uſe of, and there- 
fore, I omit. to mention the particulars. 9A 
| Finery cinder is therefore to be conſidered 
as iron increaſed about one third 1 in, weight 
by imbibing pure air, or rather water, though 
with the loſs. of its own, phlogiſton. , No- 
thing, therefore, is wanting to bring it to 
the ſtate of iron again, but the expulſion of 
the pure air or water, with which it is ſa- 
turated, and giving it the phlogiſton which 


it has loſt: and this is: readily done by heat- 


ing it in cloſe veſſels, in contact with any 
thing that contains phlogiſton. This is 
effected in the moſt complete manner, by 
heating it with a burning lens in inflammable 
air. But it is likewiſe done by cementa- 
tion with charcoal, with coak from pitcoal, 
or with raw coal. In all theſe proceſſes, 
the fnery cinder loſes about one third of its 
8 b 4 weight, 
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weight, and is then perfectly ſoluble in 
acids, and attracted by the magnet. Con- 
ſequently, it is perfect iron. But whether 
it can be made uſeful iron, and in a manner 
ſo cheap as to make it worth the while of 
the manufacturer of iron, to eſtabliſh any 
work for the purpoſe, is not for me to ſay. 
i would only obſerve, that iron thus made 
from finery cinder in my retorts is not in 
the ſtate of ſimple caf iron, but of that 
which is annealed, and e rum 
ert 
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(pm of my former experiments which 1 I | 
leaſt able to account for, "was: the 
diminution of nitrous air in à bladder ſwim- 
ming at liberty in a trough of water; the con- 
ſequence of which had always been, that in a 
few days the nitrous air was diminiſhed to 
about one fourth, and this was phlogiſti- 
cated air. All the progreſs that I had then 
made in the inveſtigation of this curious 
fact, was finding that it depended, as I then 
thought, upon the bladder being kept alter- 
nately dry and moiſt ; becauſe when the 
bladder was kept covered with water, it 
remained full, and the air within it was 
not changed. This was alfo the caſe when 
the bladder was kept dry. But I did not 
confider that when the bladder was kept 
under water, there was no air in contact 
with 
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with it; and I did not then ſuſpect that this 
change in the air depended on the action of 
the nitrous air upon the external common 
air through a. moiſt bladder ; though I had 
found that coagulated blood has a power of 
acting upon air, and is of courſe liable to be 
acted upon by air, through any bladder. 
At length, ſoſpecting that this might be 
the caſe, I made the following experiment. 


Taking a bladder which contained; twenty, 


ounce meaſures of nitrous air, and; tying it 
very tight, 1 introduced it into a, glaſs jar, 
which contained forty ounce meaſures of 
common air; becauſe, in that proportion, 
they would be able, if they had any mutual 
action, to ſaturate one another. Wiſhing at 
the ſame time, to obſerve the changes that 
might gradually take place in each of the 
kinds of air, I examined them both at f 
ferent periods. 

The proceſs was begun on 1 18th pe; 
May, and on the 21ſt L-found that there 


were only 34 ounce meaſures of the common 


air, and eleven of the nitrous, the bladder 
being quite ſound ; ſo that it was ſufficiently 


evident 


£ 
44.44 +9 


through a Bladder. 379 
et that the two kinds of air, had af- 
fected each other through the ſubſtance of 
the bladder. On the 25th of the fame 
month there were 314 ounce meaſures of 
the common air, and four and a half of the 
nitrous ; and examining the ſtate of both of 
them, I found the ſtandard of the common 
air to be 1.8, which was a ſtate very near 
that of extreme phlogiſtication; and that of 
the nitrous 1.7. That is, equal meaſures of 
this and of common air, occupied the ſpace 
of 1.7 meaſures, which ſhews that it had al- 
moſt loſt its power of affecting common air, 
or to expreſs. myſelf perhaps more correctly, 
there was but a ſmall hl of nitfous 
air in it. 

On the Sth of Jos I ls them 
for the laſt time, after haying obſerved no 
farther change for ſome days in the quan- 
tity of the common air (as indicated by 
marks which I had made on the outſide of 
the jar) and I found only 28 ounce mea- 
ſures of the common air, of the ſame qua- 
lity as when I had examined it before, 
viz. of the ſtandard of 1.8, and only three 


ounce 
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ounce meaſures of the nitrous air, which did 
not affect common air at all. Neither of 
them contained any portion of fixed air, 
and both of them extinguiſhed a candle. 925 

Nothing now remained to my eonapleie 
ſatisfaction, with teſpect to my former ob. 
ſervation of the diminution of nitrous” air, 
contained in a bladder. But I farthtr 
wiſhed to fatisfy myſelf with reſpect to the 
action of in lammable air, on either common 
or dephlogiſticated air, in the ſame circim- 
ſtances. Nitrous air affects pure air by 
fimple contact, without ignition; whereas, 
inflammable air, I had obſerved, has very 
little effect upon pure air when they” are 
ſimply mixed together. I was, therefore, 
ſurprized to find that inflammable air has a 
very conſiderable action upon dephlogiſti- 
cated air through a bladder, without any 
aſſiſtance from heat; and moreover, that 
the union of theſe two kinds of air, thus 
produced, forms fixed air; The experi- 
ments which I made for this parpoll, "were 
as Follows. n 


* 
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Into a jar containing 1ag̃ ounce meaſures 
of dephlogiſticated air, I introduced a, blad- 
der, containing 23 ounce meaſures ofinflams 


mable air; and after a few days, I obſerved 
that the bladder in which it was gontain- 


ed was become a little flaccid. After about 
three weeks, 1 examined both. the kinds of 


air, and found that the bladder contained 
only two ounce meaſures, and that this Was 


no longer inflammable, but extinguiſhed 3 
candle, though it had in it à mixture of 
pure air. The air within che jar then con- 


tained one twentieth of its bulk of hxcd air. | 


The dephlogiſticated air was dimi 


ſeven ounce: meaſures; and from being 0 
the ſtandard of 0.5, with: two equal mea- f 


ſutes of nitrous air, it was now become 
of 1.4. The bladder had x flight ſmell of 
hutrefaction, but it was perfectly air tight. 
It is obſervable, that in this experiment 
part of the dephlogiſtieated air had paſſed 
unchanged. into the bladder of inflammable 


paſſed through the bladder inta the dephla · 
I air, had united to it, and formed 
4 fixed 


air, whereas the inflammahle air which bed 
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fixed air. The tranſmiſſion of the dephlo- 
giſticated air through the bladder was much 
more remarkable in ths: ere —_ 
n. e 
- Having daes a bladder- filled with 


inflammable air into a large jar of dephlo- 


giſticated air, the bladder, after two days 
only, had in it a great mixture of dephlo- 
| giſticated air, and was as much diſtended as 


when it was firſt put into the jar. A 


quantity of it exploded exactly like a mix- 
ture of one-third dephlogiſticated, and two - 
thirds inflammable air. The bladder was 
perfectly ſound and ſweet, and pee. 
giſticated air was not ſenſibly altered. 

Again, having introduced a bladder con- 
taining ten ounce meaſures of inflammable 
air into a jar containing 1oo ounce meaſures 
of dephlogiſticated air, of the ſtandard of 
o. 3, I- found, about a month after wards, 


that the air in the jar was diminiſhed to 90 


ounce meaſures, and the inflammable air to 


five ounce meaſures and an half. The qua- | 
lity of the air in the bladder and of that in 
the j Jar was very nearly the ſame; though the 


bladder 
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bladder was perfectly ſound” and ſweet. 
The air in the bladder, with equal meaſures 
of nitrous air, was of the ſtandard of ol, 
and that in the jar of 0.74. Both ef theni 
alſo contaĩned a ſmall portion of fixed air! 

In this*cale, therefore, both the kinds of air 
had not only been tranſmitted through the 
bladder but ſome decompoſition had alſo 
taken place withia'i it, MR within the 
pow J bh fp nes 103} Moll 03: 4552920) th 

In another expetiment-of ci kind, both 
the bladder of inflammable ait, and the jar 
of dephlogiſtieated ait. after ſome time; con» 
tained each of them a portion of fixed wir, 
and like wiſe both the kinds of air unaffect- 
ed by each other. For both of them ex- 
ploded wee tie ue examined ſepa⸗ 

i 421. Arbon un en 23S 

'T bar line ſuſpicion that the fixed air 
in this proceſs might have come from the 
putrefaction of the bladder; eſpecially 40 
in one of the caſes the ſmell of it was vety* 
ſenſibly putrid. To determine this, I put 
a bladder filled with inflammable air into a 
jar * inflammable air likewiſe, and 
let 
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let it continue there till it was quite pu- 
trid, and diſſolved. But after this I found 
no ſenſihle quantity of fixed air in the jar. 
therefore concluded, that the fixed air 
which 1 found in the preceding experi- 
ments, came undoubtedly from the union 
of the inflammable and dephlogiſticated air, 
in eonſequence of their acting upon each 
other through the ſubſtance of the bladder, 

It ſeems to follow from theſe experi- 
ments, that fixed air is really farmed when 


inflammable air of charcoal, Kc, is exploded 


together with dephlogiſticated air; and alſo 


that the greatneſa of the heat prevents its 
formation, when inflammable air from me- 


tals is uſed. For though, in the exploſions 
with the electric ſpark, no fixed air was 
produced from the decompoſition of the 
pureſt inflammable air, it was evidently ſo 
with the ſame kind of inflammable air in 


theſe n . a as in e 
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Pine infancy of my experiments I con- 
cluted-that all kinds of air were brought 
by agitation in water to the ſame ſtate, the 
pureſt air being partially phlogiſticated, and 
air completely phlogiſticated being thereby 
made purer; inflammable air alſo loſing. its 
inflammability, and all of them, being 
brought into a ſuch a ſtate, as that a candle 
would juſt go aut in them. This inference 
I made from all the kinds of air with which 
I was then acquainted, and which did not 
require to be confined by mercury, being 
brought to that ſtate by . agitation, in a 
trough of water, the ſurface of which was 
expoſed to the open air; never imagining 
20 . ©e , --that 
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that when the air in my jar was ſeparated 


from the common air by a body of water, 


generally about twelve inches in depth, 
(adding that within to that without the 
jar) they could have any influence on each 
other. J have, however, been long con- 
vinced that; improbable as it then appeared 
to me, this is actually the caſe, though z 
fact ſo remarkable well deſerves, , to be far- 
ther attended 5 
As 1 haye no whore recited any experi 
ments which- prove that this change in the 
ſtate of the air; agitated in water, depends 
upon that water baving ſome communica · 
tion with the atmoſphere, I all do it here, 
after an account of ſome other experiments, 


from which it is equally evident that, not- 


withſtanding every poſſible precaution, the 
air will be changes. 1 if there be, 2 85 come 
anupaication. . 2 

1 agitated, 1 _ a den — 1 
three ounce meaſures of air, .phlogiſtics 
with nitrous air, in a veſſel containing 20 
ounces of water, which had been boiled, ſe- 


"vor n while it Was N warm 3 
after 
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after * it was diminiſhed one-ſixth, 
and was fo much improved, that the ſtandard 
of it was 1.74. The next day I agitated 
the remainder of it another quarter of an 
hour in the water which had been boiled at 
the ſame time, when it was diminiſhed 
nee nas tenth, I the ſtandard of it was 
1 100 agitated the ame quantity of ar; 
phlogiſticated with iron filings and brim- 
ſtone, in the ſame manner twenty minutes, 
when it was diminiſhed one-ſeyenth, and 
the ſtandard of it was 1.66. 

I afterwards expelled à little air from the 
water in which this air had been agitated ; 
and from that with which the firſt of theſe 
experiments was made, I got air, the ſtan - 
dard of which was 1.66; and from the water 
in which the ſecond experiment Was made 
air of the ſtandard of 1.33. In this a candle 
would have burned. It is evident, from ths 
diminution of the air in theſe experiments, 
that part of it is abſorbed by the water. 

But it is no leſs evident, as will appear by 
the next experiment,” that the place of 
* Ccz2 ſome - 
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ſome * of the air which had been abſorbed 


Vas ſupplied by a purer air, which the water 


had imbibed from the atmoſphere. That wa» 


ter does imbibe the purer part of atmoſpheri- 
cal air, in preference to that which is impure, 
is evident from any examination of it. For 
if the water be clear, and free from any 
thing that is putreſcent, the air expelled 


from ĩt by heat is generally of the ſtandard 


of 1.0; whereas that of the atmoſphere, 
when the.nitrous air is the pred is age 
1.2. . 

But the e nch e 
proved that my former concluſion was falla- 
cious was the following. After expelling all 
air, by boiling, from a quantity of water, 
J put to it, in ſeparate phials, air that had 
been phlogiſticated with iron filings and 
brimſtone; and corking them very well, 
J left them with their mouths in water, and 
Loccaſionally agitated them. After about 
two months I examined them, and I found 
both the air that was confined by the wa- 


ter, and alſo that air which by heat I ex- 


"_ from the water, completely phlo- 


giſticated, 


ne , , HE = 
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aan The ſame was the refult of a 
ſimilar experiment, in which the air had 


been expelled from the water het the” air 
9 


2. Of Air produced more on eſs rapidy. 
IT was one of my firſt obſervations on the 
ſubject of air, that, in ſeveral caſes, a much 7 
greater quantity of air. was produced by a 


rapid, than by a flow proceſs.” I have ſe- 
veral times verified this fact, though I can 
not very ſatisfactorily account for it. In 


: my late experiments I had an inſtance of 


it, which it may be proper to recite. 


From an ounce and an half of Whiting in N Y 
a gun barrel I got, with a ſudden and great # 7 e, 
heat, 240 ounce meaſures: of air, of en . _ 
ſome portions. contained nine tenths of 9 
fixed air, and the reſiduum burned with a 


lambent blue flame. Repeating the ſame 
proceſs very ſlowly, I got no more than 150 
ounce meaſures of air from the ſame quan- 
tity of whiting. And again repeating the 
proceſs with a greater and a more ſudden 

211 Cc 3 | heat 


a 
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heat than at firſt, I got, from the ſame 


quantity of materials, 279 ounce nin 
of air, 


3. Of different kinds of Air remaining diffuſed 
through each other without uniting. 


IN my former publications I obſerved 
that, when any two kinds of air, of the 
greateſt different ſpecific gravities, and with- 
out any known cauſe of attraction to each 
other, are mixed together in the ſame veſ- 
ſol, they are never ſeparated by mere reſt, 
but continue equally diffuſed through each 
other. This at leaſt I found to be the caſe 
vith reſpg& to all the kinds of air that can 
be confined by water, and ſeveral of thoſe 
that only can be confined by mercury, ex- 
cept that inflammable air always remains 
ſeparate from acid or alkaline air, though 
contained in the ſame veſſel, I had lately 
a very clear proof of this with reſpe& ta 
fdephlogiſticated and inflammable air. 
Having filled the ſtrong glaſs veſſel, fig. 


0 in which I ye fire them by the elec- 
I tric 
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tric ſpark, with the uſual mixtute of ont 
third dephlogiſtieated and two thirds in- 
flammable air, I let it remain in a perpen- 
dicular poſition all night, in which there 
was certainly time enough for them to have 
ſeparated from each other, if their very dif- 
ferent ſpecific gravities would have diſpoſed 
them to do ſo. But though the two wires 
between which the exploſion is made wete 
at the very top of the veſſel, which in the 
caſe of a ſeparation would have been the 
region of pure inſlammable air (which ca- 
not take fire of itſelf) yet when. the ſpark 
paſſed between them, the two kinds. of ait 
were exploded. as completely as they could 
have been immediately after they! had bsen 


mixed. 
It is alſo webe that the. phlogitt- 
cated and dephlogiſticated air which com- 
poſe the atmoſphere are of very different 
natures, though without ay known ptin- 
cipte of attraction between them, and alſo 
of different fpecifie gravities; -ariÞ yet they 
are never ſeparated but by the ehemical at- 
traction of ſubſtarices, which unite With the 
Cc4 e 
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one, and leave the other, as in all thoſe pro- 
"ou which bow 1 Api | 


* of the lee of Water impregnated with hon 
3 triolie Acid Air. ee he 


IT i is remarkable that water imperpnste 
with vitriolic acid air retains all its air when 
it is frozen, though every other kind of air 
(if the liquor containing it can be frozen at 


all) is ſeparated from it in the act of freez- 


ing. I have now farther obſerved, that this 


ice ſinks in the liquor from which it is 


frozen, in which it reſembles the ice of oil, 


This is a fact which I barely mention, 
withous having any 88 Ge gecount: for it 


5. Of the Precipitate 1185 the Solution 7 
N 89 Metals by __ ; 
1 


IN my th ks of W 1 
have recited many on liquors expoſed to 
a long continued heat, in glaſs tubes her- 
metically,.ſealed, and among other things 


obſerved a ene depoſit from the ſo—- 
3 | — lution. 
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lution: of mercury, and alſo that of copper 
in ſpirit of nitre. But they both require a 
conſiderable time. I have ſince found that 
the depoſit from iron, and. from copper in 
volatile alkali, are made much ſooner. es 
In a glaſs veſſel hermetically ſealed, 6 
good deal of iron was precipitated in . 
form of red earth from a weak ſolution of | 
it in ſpirit of ſalt, placed i in a ſand heat, 
only a ſingle day. It was alſo. precipitated 
in great abundance from a ſolution of ſpi- 1 
rit of, nitre in the fame time. In this caſe 
the veſſel was not quite cloſed, ſo. that a 
little could eyaporate, | The dane, li- 
quor was quite colourleſs. „ 
Copper was precipitated i in the 3 of 
a deep blue earth, from a ſolution of it in 
volatile alkali at the ſame time; but the 
remaining liquor was almoſt as blue as. at 
firſt, The ſolid precipitate ſmelled ſtrong 


of the volatile Nen e as well as * ſolution 
itſelf. | | ; 
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HAVING mentioned the effect of 
heating various ſubſtances in different kinds 
of air by means of a burning lens, that I 
may not omit to mention any thing that 
I have obſerved of the kind, and that I can 
think any pet ſon might wiſh to be informed 
of, I thatf, in this miſcellaneous ſection, 
recite the following expetiments. | 

- Throwing the focus of the falls upon 
iron turuings in ffuor acid air, a denſe white 
fame prefently filled the veſſel, and during 
the proceſs the heat was remarkably great, 
fo that 1 could not touch the upper part 
of the glaſs veſſel in "which the experiment 
was made. The quantity of air was con- 
fiderably diminimed, and à quantity re- 
mained that was nof abſorbed by water, 
bur. no? enough to examine ati 


| 7. E Fe: Sue of Pre Pe por 10 
Spirit of 2 5501 
PRECIPITATE per ſe diflolves — | 
great rapidity in ſpirit of ſalt. A quantity 
of this ſolution I impregnated with nitrous 
WWI9I | vapour 


yapour,” on which the ſurface of the fluid; 
and the ſides of the phial, were inſtantly 


covered with cryſtals, larger than thoſe of 
the precipitate. The colour of the liquor 


was then of a light blue, or green. After 


wards it aſſumed a deep brown, inclining 
ta yellow, and a great quantity of white 
matter was depoſited, occupying almoſt the 
whole ſpace of the liquor. This muſt, 1 
preſume, have been corroſive ſublimate, the 
pure air from the precipitate having dephlo- 


pifticated the ſpirit of alt, which is a ne- 


 eeflary circumſtance 1 in this preparation. £04 


8. 07 Air extrafted from the IWater that is 
uſeful in fertilizing Meadows. 

I T has been found that meadows watered 
with a freſh ſpring: produce abundance of 
graſs without any manure. Having had 
reaſon to think that phlogiſton, adminiſtered 
in ſome form or other; is the food of plants, 
L imagined that this water, being in itſelf 


pure, and free from all putreſcent matter, 


muſt. contain phlogiſticated air, eſpecially 
as I had been told that the water, is only 
| uſeful 


396 U ele, Experiments. 

uſeful after its firſt, iſſuing from the earth, 
and that the firſt meadows it overflows are 
thoſe which receive the moſt benefit from it, 
I therefore deſired Mr. Vouxo, to whom 
this country owes ſo much for the attention 
that he has given to the buſineſs of agricul- 


ture, to {end me a quantity of ſuch water as 


had been found to be moſt uſeful in ferti- 
lizing meadows. He was ſo obliging as to 
ſend me tw¾o bottles of ſuch water; and as 
ſoon as I received them I expelled from 
them the air they. contained, and found that 
which was in one of them, ſufficiently im- 
pure, the ſtandard of i it being 1.43 but that 
in the other, was ſuch as is uſually contained 


in water that has been long expoſed to the 


atmoſphere, being of the ſtandard of 1.0; 
ſo that 1 imagined it had not been ſuffi- 
ciently well corked. After the water in the 


other bottle had been expoſed a few days 


to the open air, the air contained in it was 
of the ſame quality. Upon the whole, I 
think that the experiment was. ſufficiently 


favourable to the hypotheſis, but more ought - 


to be made, and if — on the ſpot. e 


— ano: ox. Cas. at — A. 8 
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9. 0 f NV. ater "heated in Gun Bartels welded 
up.” 

A8 dats air was produced in Tome 
ex periments, in which 1 endeavoured to 
change the nature of water by making it red 
hot in a"gun-barrel, the 'orifice of Stick 
was welded up, it may not be improper 
juſt to mention them in this place. They 
will likewiſe. ſerve to ſhew the expanſive 
force of water in that ſtate. - The. ** 
ments were made in March 1 783. 

Putting 16 grains of water into a 4 gun: 
barrel, containing 44 gunce meaſures, I got 
it welded up; and making it red hot, it burſt 
in the middle after a few minutes. 1 aſcer- 
tained the quantity of water, by putting it 
into a ſmall. glaſs tube, which I ſcaled her- 
metically, and put within the gun-barrel. . 

I then put fix grains of water into the 
thicker half of a muſket barrel, and three 
grains and a half into a thinner barrel. 
Theſe did not burſt when they were red hot, 
and being pierced under water, inflammable 
air r ruſhed out. I en theſe — 
eit. oat) n oh | e ad 
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and always had the ſame reſult; inflam- 
mable air being procured, when the gun- 
barrels were opened under water; and if 
the water was in ſufficient quantity, part 
of it at leaſt (for I could not meaſure it 
with exactneſs) was dons in the barrel. 


10. 0 the Salih 3 Sint in * pleated 
and dephlogiſticated nitrous Acid. 
THAT the giving of nitrous air depends 
upon phlogiſton, is evident from the pheno- 
mena which attend the ſolution of iron in 
phlogiſticated and gephlogiſticated acids. 
Pouring a ſmall quantity of phlogiſticated 
nitrous acid into a large quantity of water, 
which had iron wire-in it, it preſently be- 
came of a dark colour ; but this was ſoon 
precipitated, and the folution aſſumed a 
lighter colour, I then poured off the ſolu- 
tion, which was of a flight brown colour, 
and pouring into it more phlogiſticated ni- 
trous acid, it immediately became of a very 
ak colour, and emitted air  copioully. 


On 


* 2 =» 


a. 
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On examination. it appeared to be ſtrong 


nitrous air. After the emiſſion of this 
air, the dark calour diſappeared. Theſe 


phenomena, therefore, exactly reſembled 
thoſe: of a ſolution of green vitriol, which 
aſſumes a dark. colour by imbibing nitrous 


air, and becomes clear again by the expul- 


fion of it. The dark green ſpirit of nitre 
had the ſame effect as the brown phlogifti- 


cated acid, but the dephlogiſticated nitrous 


acid had no ſuch effect. 
It is eaſy to make a pretty ſtrong ſolution 
of iron in dephlogiſticated nitrous acid that 


ſhall be green and give no air, if it be kept 


very cold during the proceſs. But if phlo- 
giſticated nitrous acid be poured into the 
ſolution, jit preſenthy becomes very black, 


and emits air. This blackneſs will ſome 


times, if the nitrous acid be very volatile, 
go off almoſt immediately ; ; but in all caſes 
it wilt do ſo in time, and leave the liquor 
like water, or with a ſlight tinge of yellow ; 
_ owing probably to part of the ochre having 


imbibed pure alr, 2 5 thereby tending to be- 


come red. 8 
3 Nitrous 
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785 


Ane Air, alſo admitted to a green fo- 
ti tion of iron in nitrous acid immediately 
tüte it black, Ul” as "it does a maden of 
Seen u. 
Phlogiſticated nitrous acid dropped FI 
Fon: of green vitriol alſo makes' it black. 
The green ſolution of iron in ſpirit of nitre, 
yields very little air by heat, and this is not 
nitrous air. When charcoal was put into 


4 


it, and heated, it alſo g me little's 'or 'no air. 2 
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T is always our alas, a makin 


experiments, to-generalize the concluſions 


we draw: from them, and by this means to 


forma theory, or Memo principles, to Which 
all the facts may be reduced, and by means 
| of bile we may be able to foretel the re- 


ſults 
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ſult of future experiments. With a view is 
this, it has of nk te arent object with 


philoſophers to aſcertain the number f 


elements that are neceſſary to conſtitute all 
the ſubſtances with which we are acquainted, 
and eſpecially the different kinds of air, to 
which our attention has been much directed, 
in conſequence of their ſeeming to bring us 
2 little nearer to the ultimate conſtituent 
parts of bodies ; finding that by their-union 
they are capable of forming ſolid maſſes. - 
In my former publications I have fe- 
quently promiſed to give ſuch a general 
theory of the experiments in which the dif- 
ferent kinds of air are concerned, as the pre- 
ſent ſtate of our knowledge of them will 
enable me to do. But, like Simonides with 
| reſpe& to the queſtion that was propoſed 
to him concerning God, I have deferred 
it from time to time; and indeed I am 
more than ever diſpoſed to defer. it ſtill 
longer, as I own that I am at preſent even 
leſs able to give ſuch a theory as ſhall ſa- 
tisfy myſelf, than I was ſome years ago; 
new difficulties having ariſen, - which un- 
Roe, IH. RG hinge 


. , 


402 Obſervations relating to Theory. 
hinge former theories, and more mp 
biting neceſſary to eſtabliſh new ones. 
Fluctuating, however, as the preſent date 
of this branch of knowledge is, I do not 
think that I can, on this eccaſion, intirely 
decline giving ſome obſervations of a theo- 
tend to perform the whole of my promiſe, 
I ſhall; at the cloſe of this volume, give a 
ſummary view of what appears to me to be 
the conſtituent parts of all the kinds of air 
with which we are acquainted; and 4 more 
particular account of the hypotheſis con- 


cerning phlogiſton, which is at preſent 


more an object of diſeuſſion than any thing 
elſe of a theoretical nature. The ſketch 
that I-ſhall give will at leaſt ſerve; like our 
former: theories, to amuſe us hen we look 
back upon it, after having gained a more 
perfect knowledge of the ſubjec . 
The only kind of air that is no thought 
to be properly elementam, and to conſiſt 
of a fimple ſubſtance, is depblagiſbicuad air, 
with the addition «at eaſt of the principle of 
5 . OY r b little; 


ind 
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and as it; is not probable: that this adds any 


thing to the weight of bodies, it can hard 


be called an element in their compoſition. 
Dephlogiſticated air appears to be one of the 
elements of water, of fixed air, of all the 
acids, and of many other ſubſtances, which, 
till lately, have been thought to be ſimple. 

The air of the atmoſphere, exclufive of a 
great variety of foreign impregnations, ap- 


pears to conſiſt of mee and 


Phlogiſticated air. 40 5111 


Till Mr. Cavenpisn's fig ese 


on Phlogiſticated air, this was imagined to 
be a fimple ſubſtance, and we entertained 
no hope of being able to decompoſe it ; but 


in this, he has, to all appearance, happily 


ſucceeded, and, very contrary to my expec- 
tations; has ſhewn that it conſiſts of nitrous 
acid and phlogiſton; this acid having al- 


with a ſufficient quantity of dephlogiſticat- 
ed air. 1 ſesnothiog"t9 object to his ex- 
periment; and I conſider it as one of the 


15 D d 2 tions 


ways been produced by decompoſing it 


greateſt diſcoveries on the ſubject of air; but 
1 W loſs to account for ſome” produc- 
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tions of phlogiſticated air, in Which no ni- 
trous acid is concerned. At leaſt we get 
air which has all the known properties of 
phlo iſticated air, as its extinguiſhing a 
candle E, being fatal to animals, and not be- 
ing affected either by nitrous air, or by 
lime water, in heating charcoal and red pre- 
cipitate, in the decompoſition of alkaline 
air, &c. If the phlogiſticated air procured 
in theſe proceſſes be reſolvable into nitrous 
acid, like that of which the atmoſphere 
confifts, we ſhall be more embarraſſed than 
ever with reſpect to our theories concerning 
air, ſince the elements of nitrous acid muſt 
then be found where they were leaſt expect. 
ed. Since, however, in my experiments, 
volatile alkali Was produced from nitrous 
air and iron, the production of phlogiſticat- 
ed air from alkaline air may not be thought 
extraordinary on this ſuppoſition, viz. of 

Phlogiſticated air containing nitrous: acid. 
Perhaps ſome part of the difficulty may 
be relieved, by making a little alteration in 
"the hypotheſis of Mr. Cavendisn, and 
 wppoſing, ta ar to the ſome 2 2 
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ments recited in this volume, that the acid 
principle i is ſupplied by the dephlogiſticated 
air, while the nitrous air gives the baſe of 
the nitrous acid, and phlogiſton ; and then 
this air may perhaps be conſidered, a8 phlo- 
giſton combined not with all the at 
elements of nitrous acid, but only what may 
be called the baſe of it, viz. the dephlogiſ- 
ticated nitrous vapour, or ſomething which, 
when. united to dephingiſticated: 5 1795 
conſtitute nitrous acid. 499 5 

Fired air ſeems to be a ons of 5 
; phlogiſton and dephlogiſticated air, without 
any water, and for this reaſon, perhaps a red 
heat may be as requiſite to form the union 
between them, as it is to form that between 
phlogiſton and vitriolic acid, in the compo- 
| fition of ſulphur, which likewiſe contains 
no water, It is ſomething remarkable, that 
two ſubſtances, ſo different from each other 
as fixed air and water, ſhould be analyzed 
into the ſame principles. But there ig this 
difference between them, that water is the 
union not of pure phlogiſton but of} inflam- 
wable air and dephlogiſticated Wh nh 
D d 3 | Taflanmable | 
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. "Tuflammable air ſeems now to conſiſt of 
water and inflammahle air, which, however,. 
ſeemsextraordinary, as the twoſubſtances are 
hereby made to involve each other, one of 
the conſtituent parts of water being -inflam- 
mahle air, and one of the conſtituent parts 
of inflammable air being water; and, there- 
fore, if the experiments would favour it (but 
I 'do not ſee that they do fo) it would be 
more natural to ſuppoſe that water, like 
fixed air, conſiſts of phlogiſton and dephlo- 
giſticated air, in a an mode of 
combination. i l 
There is an doniſhirg x aeg in the dif. 
ferent kinds of inflammable air, the cauſe f 
lighteſt, and therefore, probably, the pureſt 
kind, ſeems to conſiſt of phlogiſton and 
water only. But it is probable that 61/i and 
that of different kinds, may be held in ſolu- 
tion in ſeveral of them, and be the reaſon of 
their burning with a lambent flame, and 
ald of their being ſo readily- reſolved/cinu! 
to fixed air, when they are decompoſed”! 
with ee air ; though. why 
this 
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this ſhould be the caſe I. cannot ima- 


ginge. ud us Jfdimmsftaibas 1 


cated air are burned, the weight of the — 
produced is neyer,, I believe, found guite(; 


equal to that of both the kinds of air, May 

not the ſigli, therefore, emitted, frommithe 
flame, be part of the phlogiſton of the in- 

flammable air, united to the principle of 


beat! And as light accompanies the elfi 


ſpark, may not this alſo be the al accemfap : 


of ſome phlogiſtic matter, though. i it is Not 
eaſy to find the ſource of it ? - oem) 


Nitrous ain, according to the long eta 
bliſhed. hypotheſis, gonſiſts af nitrous acid. 
and phlogiſton. But if I may be allowed 


to correct this theory, in the manner mene 


tioned above, we muſt ſay that it conſiſts o 
a dephlogiſticated nitrous vapour, and phlar. 
giſton; and that the addition of dephlogiſti- 
cated air, and alſo of water, is neceſſary to 
make it nitrous acid ; ſuch at Ieaſt being o 
improbable inference from ee. 

Ire volume. 
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Dephlogiſticated nitrous air, I takerto»be 


' therefore, perhaps, an elementary ſubſtance, 
as well as dephlogiſticated air. It ſeems to 
be produced by depriving nittous air of its 
phlogiſton But there are difficulties re- 
lating to this wo Ke a6 go 6 Yhall mentjon 

preſently. Dia! 24 © % wol 
— Kinds of Dey air, F 
to be agreed 


phlogiſton; ſo that vitrjolio acid air conſiſts 


of the ſame principles with fulphur, neither 


of them containing any water! © Sriligoldrob * 
OW Fluor abid air, which 1 once thou glit to 
be nothing more than vitriolic acid Air 


loaded with 4 peouliar fpecies of earth, 1 


now concur with others in thinking to von- 
Fiſt of a peculiar acid and that eart nn 
ir» Alhaline' air will appear, 1 think, from 
my late experiments, to conſiſt of ſoine 
combination of inflammable air and phlo- 
giſticated air, or off ſomething capable of 
being eee into Phlogiſtieatec ar l but 


169: ti io eneem well bay: 0d 918 761017 Ute 


9115 


dephlogiſticated nitrous vapour only, and 


on all hands, conſiſt of * the 
peculiar acids, in the form of vapour, and 


\ Objervations relating to Shy. 2 
the mode of combination; andi the propDr- 


tion of the ingredients, remain to' be-inveſs 


tigated- That water enters into the cot: 
poſition of alkaline — to 
be admitted, becauſe it i le oled in 
inflammable air, Which 1 clagot help think- 
ing neceſſarily requires water. It ſeems, 
however, clearly to be inferred from my 
late experiments, that there is n oocaſion 


a or 8 from phlogiſton, 


or phlogiſticated air, as acidity ariſes from 


dephlogiſticated air; and this may throw 


ſome light on the affinity between theſe tw] o 


Fina nnn Air A 7 ny e Ty ec >} 
As to che dene air of Mr. Bux GAA, 


Ihre not given much attention to it ;#but 


it ſeems: to have been proved bye Mr. 8A 
'B1eR's/claborate analyſis of it, to conſfſt of 
the ſame elements with the liyer of ſalphur 

from which it is made. 10 GHH rrö 
I ſhall now ſpeculate more largely on the 


ſubject of the nitrous acid, and the kinds off 


air that are procured by means of it, that 


*6 admit . en been, : 


| 
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be more diſtinaly perceived, and conſe- tic 
quently: that our attention may bs excited to 
the ſolution of them. 
As inflammable air fires readily in a phial 
Loom which it has diſplaced nitrous, acid, 
of. combining with phlogiſton, and which 
vapour of: ſpirit of mitre, This vapour is 
abſorbed by water; for if the inflammable 
air be transferred through water into another 
veſſel, it burns only as uſual. May it not 
be this vapour, loaded with phlogiſton (with 
which it has an aſſinity) and ſome. little 
nitrous acid (which, perhaps, cannot be 
wholly exe luded, but which may be conſi- 
dered as an extrancous ſubſtance) that conſti- 
tutes the nitrous. air, which is produced 
when metals are diſſolved in, this acid, a and, 1 
may not one part of this nitrous. air, n 
loſing ſome of its phlogiſton, by means of 
the contact with iron, become what I have | 
called/ dephlogiſticated nitrous, air, at the | 
am that aha other; gerd, being ſuper- 
ſaturated | 
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ſaturated with rer ee becomes plagt. 
ticated air.. (HD 31 
As nitrous acid is ebnen — 

phlogiſticated air is admitted to nitrous air 
or, according to this theory, to dephlogiſti- 
cated nitrous vapour and phlogiſton, do not 
theſe principles, together with water, which ' 
is requiſite at leaſt to the forming of an union 
between them, make nitrous acid. If fo, 
this acid muſt conſiſt of dephlogiſticated air 
dephlogiſticated nitrous vapour, phlogiſtsn, - 
and water. In the ſolution of metals in this 


acid, then, the firſt and laſt- mentioned of 


the third, muſt unite with the calx of the 
metal, while the ſecond, joined with the re- 
mainder of the third (or which is the fame // 
thing with phlogiſton from the metal) eon- 


ſtitutes nitrous air. I do not need to add 


that larent beat ſeems to be a neceſſury ingte- * 
dient in evety Kind ef ait. 

On tte other hand, on the ſuppoſition 
that the mitröus air itſelf contains all the 
neceſſaty elements of the nitrous acid, it 


may be aur that when * 4 
„995 81437 5 | and 


Ras ——_ -- 
* - 


. 
" — 
* 
. h 
— — — — ——— — - 
— 1 yy 5 _ = = 2 „ 
— 5 - LR ner - — A — - —_ — > wm; > - n Þ N - n 
N = ry y wat Pom. 0 9 Mn, n = = =p = 1 = 7655 ls. 2 
= 1 8 r auen e mae, 3 pp e 


412 Obſervations. relating to. Theory, 


and nitrous. air are mixed, the former of 


them, uniting with the phlogiſton of the 


latter, makes that water which is neceſſary 
to the liquid ſtate of the nitrous acid. But 


Jam inclined to prefer the other hypotheſis; 
becauſe when the two kinds of air are mixed 
in a veſſel of dry mercury, no liquid is pro- 
duced, and if the ſurface of the mercury be 


ſmall, it is a long time before the redneſs, 


oeccaſioned by the mixture, diſappears. 


1 wv 
1 * : L 

8 © . 11 , 
„„ # * * 


Iron, or the ſcales of iron, ſeem to give phlo- | 


| oifton to nitrous air, which is-by that means 
ſuper · ſaturated, and becomes phlogiſticated 


air; thongh this is a proceſs not eaſy to be 


accounted for. For why ſhould one part of 
che nitrous vapour be deprived of its phlo- 
giſton, while the other part, contained in the 
fame veſſel, and conſequently, as far as w can 
perceive, being in the ſame cireumſtancos, 


is more firmly united; to it. It may, per- 


haps, therefore, be more probable, that it is 
che nitrous vapour in the nitrous ait chat 
joins the iron, while the phlogiſton alone 
remains united with the principle of heat; 
4 and: abet this is that which conſtitutes phlo- 
De = giſticated 


* 
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giſticated air, though ſome nitrous acid 


vapour may remain incorporated with it, 


which is abſolutely neceſſary to ex plain Mr. 
'Cavenvisn's' experiment. The quantity 
of nitrous acid contained in a given quantity 


'of phlogiſticated air, ſhould: be ee | 


in order to remove this doubt. 7 43; Fl 


" The: hypothefis I have tied. is fa | 


voured by an obſervation which I have lately 
made, viz. that iron, which contains phlo- 


giſton, decompoſes nĩtrous air much more 


readily than the /cales of iron, which contain 


little or no phlogiſton, and eſpecially by the 


iron gaining weight, in conſequence of its 


being uſed to produce this change in nitrous - 


air. Indeed, in this proceſs with the ſcales of 
iron, the nitrous air is decompoſed ſo very 


flowly, and imperfectly, that it may be ſup- 


poſed that it is only done by means of ſome 
little phlogiſton that may remain in thoſe 
ſcales, and the known affinity between phlo- 
giſton and this vapour, make it more pro- 
bable that this may be the caſe: ' 

Still, however, the former difficulty i is 
not Wal removed; becauſe part of the ni- 
trous 
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trous air is left without its phlogiſton, 
while the other part remains more firmly 
combined with it. But then, in a courſe 
of time, all the dephlogiſticated nitrous air 


will unite with the iron, and all that is left 


in the veſſel will be phlogiſticated air. It 
ſeems, therefore, as if the union between 
the phlogiſton and the nitrous vapour muſt 
firſt be looſened before there can be a com- 
plete union between that vapour and the 
iron, and that it is in this intermediate 
ſtate only that the d eee nitrous 
air can be obtained. | 51 57 

Another difficulty a hls nds: 
nation is, that in the nitrous ait the nitrous 
vapour is already ſaturated with phlogiſton, 
and therefore could not be made to quit that, 
in order to join the ſame principle in the 
iron. To this I can only ſay, that the calx 
of the iron and the phlogiſton together may 
have a more powerful attraction to the nitrous 


vapour than its own phlogiſton, joined (as 


it muſt be in the form of air) with the 


principle of beat. We ſee, id other caſes that 


the ſame principle in one mode of :combi- 
vis - | nation 


nation will have a ſtronger affinity to any 
particular ſubſtance than it has in another. 


receive ſo much phlogiſton while they are 
in 4 liquid form, but that they will diſſotve 
metals, which, in the caſe of the vitriolic 
and nitrous acids, is always ſuppoſed to be 
by means of the affinity which 4 ae 
have to the phlogiſton of metals. | 
As dephlogiſticated nitrous air is in 


part converted into common air, that is 


part of it into dephlogiſticated ait, by 


the electric ſpark, and alſo by heating bits 


appear, that 
ment of this air, as 


of crucibles in it, does it pot 
it contains the proper ele 


well as it does that of nitrous air, but wants 


a ſufficient quantity of latent beat, which is 
imparted to it in theſe proceſſes. Perhaps, 
alſo, it may be found, that fixed air, the 
acid, AN aits, or any others that 
are readily imbibed by water, contain leſs 


latent heat than thoſe kinds of air which 


are eſt affected by water. Very little heat 
is produced by the union of acid or alka- 
1 _ 3 have found 
by 
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Thus all the three mineral acids can never 


— 6 — 4 — — * * — — 
<=. 2, = FU — 4 32 > «= 
= — \ = 
- 
o - 


: 
= 4 
» * 
* » - * 
„Cr 
oy = „ at Vs ,- — pl 3 pg 33 
: l =_ = — 


— 
— — — 
he — 


416 Obſervations relating to Theory. 


by experiment, there is ſome produced, 


whereas the decompoſition of dephlogiſti- 


duce a very great degree of heat. _ 

The phenomena attending the accenſion 
of - pyrophorus throw ſome difficulty into 
the theory relating to the part that the air 
has to do in it. For by its firing equally 
well in dephlogiſticated and nitrous air, it 
ſhould ſeem that there is ſomething in com- 
mon to them both, and that the dephlogiſ- 
ticated nitrous air (in which it will not 
| take fire) has not this common ingredient ; 
which, however, the preceding theory ſup- 
poſes. The firing of pyrophorus probably 
ariſes from the ſudden abſorption of any kind 
of air, or water, which then gives out its latent 
heat (for there can be no doubt that every fluid 


in the form of air ſo far reſembles ſteam, 


as to contain latent heat). But the accenſion 
of it ſhould ſeem; to be effected by the at- 
traction that the pyrophorus has to ſome 
one principle on which the elaſtic form of 
the air depends; and, according to the pre- 


ceding theory, there is nothing but the 


3 dephlogifticated 


cated and inflammable air never fails to _ 
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dephlagifticated nitrous vapour that equally en- 
ters into the- compoſition of dephlogiſticated 
andi of nitrous air; and that is likewiſe found 
in dephlogiſticated nitrous air, in which it 
will not take fire. Perhaps, therefore, this 
accention may depend on the mode of combi 
nation between the principle of latent heat, 
and other principles in the conſtitution of 
theſe kinds of ee of this we are en 
tirely igngrant. 24 een, e 
The action of eletricity on the Uiffereht 
kinds of air is very little known. In ſome 
caſes it ſeems to communicate phlogitan,! | 
but; more.generally mere latent heat; It is 
however, a ſubject deſerving of the moſt 
particular attention, and it ſeems to be ber 
far removed from our rea. 
After theſe theoretical | pecututiass, mT | 
which I. fear 1 have not communicated 
much light, thaugh it is as much as IL have 
been able to get, I proceed to make ſome 
obſervations.celating to phiogifton; the exiſt. 
neee ee great ſubject of” 


dinisg c er is/ no ſuch thin 
Vol. III. 1 
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others holding the doctrine of aer on the 
ſubjece. 

The term principle may be 5 8 to 
any cauſe of a known effect, whether it be 
what logicians call a ſubſtance, or a property. 


Thus, while there is in nature ſuch a thing 


as Heat, it muſt alſo be ſaid, that there 
exiſts a principle, or cauſe of heat, whether 
it conſiſt in the mere change of ſtate in the 
| parts of the heated body (as, for inſtance, 
in their being thrown into a vibratory i mo- 
tion) or there be ſuch a ſablance (in the 
ſame ſenſe in which air, or water, are ſub- 
ſtances) infuſed into the body when it is 
heated, and withdrawn _ W it is 
cold. 4 3 
| holds to STAHL, Shlopiſton' i is a real 
ſubſtance, capable of being transferred from 
one body to another ; its preſence or ab- 
ſence making a remarkable difference in the 
properties of bodies, whether it add to their 
weight, or not. Thus he concluded, that 
oil of vitriol, deprived of water, and united 
to phlogiſton, becomes ſulphur; and that 
the calces of metals, * the addition of the 
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tat ſubſtance, become metals. The ar 


that has fince been diſcovered in the calces | 


of metals, makes no great difference in the 
ſyſtem. For as oil of vitriol muſt part with 
its water, as well as imbibe phlogiſton, in 
order to its becoming ſulphur; ſo the calx 
mult part with its air, as well as imbibe 
phlogiſton, in order to become a metal, 

. What is now contended for i is, that in the 
oil of vitriol changing into ſulphur, ſome- 
thing is loſt, and nothing gained, and alſo 


that a calx becomes a metal by the loſs of 


air only. And did facts correſpond to this 
theory, it would certainly be preferable to 
that of STAHL, as being more ſimple; there 
being one principle leſs to take into our ac- 
count, in explaining the changes of bo- 
dies. But I do not know of any caſe in 
which phlogiſton has been. ſuppoſed to 


enter into a body, but there is room to ſup- 


poſe, that ſomething does enter into it ; 
and in other caſes, and eſpecially ſome of 
my own late experiments, ſomething cer- 
tainly does. At leaſt, the hypotheſis. that 
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has been propoſed in its place, concerning 
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the conſtitution of thoſe bodies, which had 
been ſaid to contain plitogiſton, is ne 
. overturned by them. | ki 
What has been inſiſted upon, as moſt fa- 
vourable to the exclufion of phlogiſton, is 
the revival of mercury, without the addition 
of any other ſubſtance, from the precipitate 
per Je. In this caſe it is evident, that mere 
heat, either in a cloſe retort, or in vacuo, is 
. ſufficient to revive the metal. And as what 
is expelled from this calx is the pureſt de- 
. phlogiſticated air, it has been faid; that 
mercury is changed into this calx by 
imbibing pure air, and therefore becomes a 
metal again, merely in rofſequence of part. 
ing with that air. 
But Mr. Kirwan explains this cal in 
the following manner, which to me appears 
perfectly ſatisfactory. The metal, when 
expoſed to a certain degree of heat, in con- 
tact with pure air, or with any thing that 
contains pure air (as in that very fine ex- 
Ende of the Count de Morozzo with 
fixed air) imbibes, indeed, the pure air, and 


nothing elſe; but the phlogiſton belonging 
to 
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to the metal unites with that air, ſo as to- 
gether to form fixed air; and therefore the. 
calx may be ſaid to be the metal united to 
fixed air. Then, in a greater degree of 
heat than that in which the union was 
formed. this factitious fixed air is again de- 
compoſed; the phlogiſton in it reviving 
the metal, while the pure air is ſet looſe, 
Conſequently the precipitate actually con- 
tains within itſelf all the phlogiſton that is 
neceſſary to the revival of the mercury ® . 
Since, therefore, this fa& can be accounted 
for without excluding phlogiſton, the ſup- 
poſition of which is exceedingly convenient, 
if not abſolutely neceſſary, to the explanation 
of many other facts in chemiſtry, n 
leaſt adviſeable not to abandon 1 Me 
Beſides, as it is known that igt contains 
* phlogiſton, if there be any ſuch thing, and 


| . Since it is known how much dephlogiſticated air is 
got from a given quantity of precipitate, and how much 
phlogiſton this dephlogiſticated air requires in order to 
compoſe fixed air, we may, from theſe data, eaſily aſgertain 
how. much phlogiſton enters into the compolitian « of mers 
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there can be no red heat without light; it 
may be ſaid, that all the phlogiſton that is 


neceſſary to the revival of this particular 
metal may enter into the heated calx, not- 


withſtanding all our endeavours to exclude 


it. But it does not yet appear that light 


can impart ſo much phlogiſton, as ſenſibly 


to add to the weight of any body; and 
therefore it can hardly be ſuppoſed to im- 
part ſo much as is neceſſary to the revival of 
a metal, the phlogiſton in which is proba- 
bly half the weight of the inflammable air 
with which it is revived. 

But the experiment which, in my opi- 
nion, proves deciſively that the principle 
which has hitherto been called phlogiſton is 
a real ſubſtance, and even adds conſiderably 


to the weight of bodies, is that of the de- 


compoſition of charcoal by the heat of a 


burning lens in vacuo, or by means of ſteam. 


in a hot earthen tube. According to Mr. 
LAvoisIER, Charcoal is a ſimple ſubſtance, 
cat able of decompoſing the water that 
comes into contact with it, but contributing 
nothing to the inflammable air that is pro- 

cured 
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cured in the proceſs. But here we ſee al- 
moſt the whole of the charcoal diſappear, at 
the ſame time that nothing but inflam- 
mable air (though not of the moſt ſimple 
kind) is produced. Nothing is found of 
the charcoal, beſides a very inconſiderable 
portion of hire aſhes, which could not poſ- 
ſibly have imbibed the dephlogiſticated air 
belonging to the water, and by that means 
have ſet the inflammable air at liberty; 
which might be ſaid with reſpect to * 
ſimilar experiment with iron. 

It may be ſaid, that the — 
air from the water goes to form the ie air 
that is likewiſe produced in this proceſs, 
together with the inflammable air. But T 
have obſerved, that when no more water is 
uſed than what is abſolutely neceſſary for 
| the purpoſe (as in my experiment with 
charcoal in vacuo): there is no fixed air 
mixed with the inflammable. What then 
becomes of the ſubſtance of the charcoal, if i it | 
does not ſupply ſomething which may . be 
called phlogiſton from which the inflam- 


mable air is made ? The air certainly ex- 
0 E 94 ceeds 
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ceeds the weight of the charcoal that is 
deſtroyed, but the ſubſtance of the char- 
coal being found no where elſe, mn be i in 
the air, as a conſtituent part f iet!!! 
IIt will be ſaid, that the air that is formed 
by heating charcoal, and combining it with 
ſteam; is not mere water and phlogiſton, 
becauſe, when it is decompoſed together 
with dephlogiſticated air, a conſiderable 
quantity of fixed air is produced. But as 
fixed air appears from the lateſt-difcoveries 
not to be a ſimple ſubſtance, but to conſiſt of 
pure air, and ſomething elſe that anſwers to 
the definition of phlogiſton, this principle in 
that fixed air muſt have been furniſhed by 
ſomething in the charcoal. And as almoſt 
the whole of the charcoal goes into the air 
that is produced, it muſt neceſſarily make 
part of its weigbt, how difficult ſoever it 


may be to aſcertain the oral amount of 
that weight. 


Whatever may be objefted to this , 
8 ing, the experiment with charcoal and the 
ſcales of iron, which together yield abun- 
dance of inflammable air, is, as I have ob- 
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ſerved, a elear refutation of Mr. LAvor- 
s18R's' hypotheſis, which was thought to 
overturn the doctrine of phlogiſton. For 
he ſuppoſes, that neither of theſe ſubſtances 
contain any thing that can en in- 
flammable air. ee! 
0-If this hypotheſis of Mr. Dardenne can- 
not explain the preſent known facts, and 
the doctrine of phlogiſton can do it, the 
lattet ought as yet to be retained, in prefer - 
ence to wy oo N n that has = mo 
hat eas besen carte) 

by parting with the air they contain, is evi- 


dent from my experiments on heating them 
in contact with inflammable air, in which 
the inflammable air, or ſome neceſfary part 
of it, is undoubtedly abſorbed ; and though 
a little moiſture be depoſited in the proceſs, 
it may well be ſuppoſed to be that which, 
in conjunction with phlogiſton, conſtituted 
the inflammable air. And what can the 
bother principle that is abſorbed by the 
calx' be, but the ſame thing, which, 
when united to water, is recovered again 

from 
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from the metal, and found to be in- 
flammable air, having all the ſame proper- 
ties with that which was employed in the 
revival of it. Metals, therefore, are not 


ſimple ſubſtances, but conſiſt of their calces, 


and ſomething elſe, which they take from 
inflammable air. And as the ſame may alſo 
be taken from any combuſtible ſubſtance, 
it correſponds exactly to STAHL's phlogiſ- 
ton, and therefore the doctrine of it is con- 
firmed by theſe experiments; that is, we 
muſt ſtill ſay, that, in all combuſtible ſub- 
ſtances, there is a principle capable of being 
transferred to other ſubſtances, which, 

when united to the calces of metals, makes 
them to be metals, and which, united to 
oil of vitriol (deprived of its e 1 
it to be mn 7 | | 


8 E C- 
4 f 3. '# 


( 47] 


SECTION XXIX. 


Experiments made ſince the Settions in 5 
N or to which they relate were printed ff 


„BED deſirous of aſcertaining, as 
perfectly as I could, the nature of 
that black matter which I procured by de- 
compoſing dephlogiſticated and inflamma- 
ble air, I frequently exploded great quanti- 5 
ties of the two kinds, and never failed to 
collect it, But I have not yet been able 

perfectly to ſatisfy myſelf with reſpect to 
the nature of it. From the following ex- 
periments it ſeems pretty certain, that mer- 
cury is neceſſary to its production, and I have 
never found it in veſſels in which mercury 
had not been contained. I did not, how- 
ever, find it to be acted upon by ſpirit of 
nitre ſo readily as that act potuder which 
is got by agitating mercury in pure water 
090 can be nothing but mercury ſuper- 
| phlogiſticated) 
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phlogiſticated) but thought that it ap- 
proached nearer to the action of that acid 
upon ſoot, the blackneſs of which is not diſ- 
charged except by frequent affuſions of that 


acid. 
In a former volume I have obſerved, that 


| the. black powder, procured | by agitating 
mercury in water, becomes white running 
mercury the moment that it is dry; but I 
have lately found ſome exceptions to this 
obſervation. Having a large quantity of 
this black matter in a glaſs phial, it happen - 
ed to be broken by the freezing of the was 
ter with which it was mixed. I did not 
notice it at the time, but I afterwards found 
a conſiderable quantity of running mercury 
in the place where the bottle had ſtood, and 
beſides that a thick cake of dry black matter, 
which however appeared to be nothing but 
mercury, as it was completely diſſolved in 
ſpirit of nitre, _ | > 

I I muſt obſerve iether; thee de 5 this 
black matter which I have lately procured, 
by agitating mercury in water, has not al- 
Ways become perfect running mercury by 
the 
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the evaporation: of the water with which it 
was mixed, but has ſometimes left a black 
ſtain upon the veſſel in which it was con- 
tained. This, however, has diſappeared by 
the affuſion of ſpirit. of nitte. I ſhall now 
relate ſome particulars of the proceſſes hy 
which I procured the black matter from the 
decompoſition of men and er 
- giſticated air. n plammaes. un 

When there was Bf water in the veel 
in which the exploſions were made, there 
was no black matter produced, though 

the lower part of the veſſel contained inter- 
cury ; and though by teptated explliotis 
in theſe circumſtances the water did become 
turbid, and depoſit a black ſediment, tis 
by no means ſo much as Lalways got when 
| I only juſt moiſtened the inſide of the veffel, 
by filling it with mercury immediately ater 
there had been water in it. In this laſt 


caſe, all the inſide of the veſſel never failed 


to be made exceedingly black by every ex- 
ploſion; and repeating this proceſs, 1 was 


able, by pouring in water, to collect a con- 


fiderable * of black ſediment. From 


this 
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this it ſhould ſeem, that the infide of the 
- veſſel contained a ſubtle .invifible vapour of 
mercury, which became black by the phlo- 
giſton from the decompoſed inflammable 


air; and this black powder, as I have ob- 


(ſerved, is not much affected by ſpirit of 
nitre, but has very much the property of 
ot, in that reſpect, which is a circumſtance 

that certainly deſerves to be farther inveſti- 


gated. 


1 haye ed with particular care 
the experiment of decompoſing nitrous air 
by the electric ſpark; from which it ap- 
pears that, in this proceſs, though not in 
that of heating i iron in it by the ſun beams, 
ſome acid is really depoſited from the air. 
But it is ſo little, that it may perhaps be 
ſuppoſed t to have been contained in it, as an 
extraneous ſubſtance, not ſeparable from it 

by ſtanding i in water. It is alſo to be ob- 
ſerved that, in this proceſs, I was never able 
to produce any dephlogiſticated nitrous air. 

Whenever the experiment was ſuſpended, 
the air was always found to be either ni- 


trous or phlogiſticated. e 
In 
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m one experiment of this kind, to which 
gave particular attention, an ounce mea» 
ſure and a half of nitrous air was reduced 
to 6.4 of a meaſure by electric exploſions, 
taken in a veſſel of mercury, with a little 
pure water on the ſurface of it; an iron 
wire introduced through the mercury, and 


into the air, being uſed for the purpoſe of 


taking the exploſion at a proper diſtance. 
After the greateſt poſſible diminution of the 


air I could perceive no change of colour in 


the water, but after a few hours ſtanding it 
had a purpliſh colour, and after a day and 
night, it was become of a deep red, and very 


turbid, evidently from the ſolution of the 


iron. The water was acid to the taſte, but 
3 in the ſlighteſt degree imaginable ;'and 1 
| could-perceive by the ſmell of it, that there 


was a little nitrous air ſtill contained in it, 


though I could not perceive any redneſs on 
expoſing the veſſel to the open air. A 
| lighted candle being dipped into it, wan 
ee Ae extinguiſhed, t. 
There was one — which I can- 
not eaſily account for in this proceſs,- Af. 
| | ter 
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ter the diminution of the air would pro- 
ceed no farther, I obſerved that, after ſome 
time, there was an increaſe of the quantity 
of it; viz. about one-tenth of an ounce mea · 
ſure; but after this the air was: gradually 
contracted to its former dimenſions, "IF 
out any farther uſe of electricity. 

I repeated this experiment with the Git 
quantity of nitrous air, and it was diminiſhed 
in about the ſame proportion as in the pre- 
ceding. But examining the water before it 
had been diſcoloured by the ſolution of the 
iron, I could only perceive ſome aſtringency 
in the taſte of it, though it reddened a con- 
ſiderable quantity of water tinged blue with 
the juice of turnſole. There was al ſo ſtill 
ſomething nitrous in the reſiduum of this air. 
For being mixed in equal quantities with 
common air, the ſtandard was about 1.8. 
It contained no dephlogiſticated nitrous 
air, as it Was not e N (by 
agitation in water. $3 Wh 'x 
As the electric ſpark cannot ver mee 
to communicate ſo much ꝓhlogiſton, as the 
heating of iron by the ſun beams, we may 
15) be 
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be better able by this proceſs to aſeertain 
the quantity of phlogiſton contained in 
phlogiſticated air; ſince the refiduum pro- 
bably contains all the phlogiſton belonging 
to the nitrous air from which it is made, 
and if we may calculate from the number 
in the former of theſe experiments, phlo- 
giſticated air muſt contain about four times 
as much phlogiſton as an equal bulk of ni- 
trous air; or, as appears by my former expe- 
riments, four times as much as inflammable 

air made from iron by oil of vitriol, or ſteam, 
of which one half is probably phlagiſion; 
and the other half water. 

3. Having heated iron in nitrous air, I 
proceeded to heat in the ſame air a piece of 
charcoal, not long after it had been ſubjected 
to a ſtrong heat covered with ſand. The ſun 
not ſhining immediately after the charcoal 
was introduced into the veſſel of air, 
(through the mercury, by which it was con- 
fined) part of the air was abſorbed; but on 
heating the charcoal the quantity was ſoon 
increaſed. Having continued the proceſs 
as long as I thought neceſſary, I examined 

Vor. III. * the 
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the air, and found it to be about as much 
as the original quantity of nitrous air, but 
it was all phlogiſticated air, extinguiſhing 
a candle, and having no mixture of fixed air 
in it. At one time, when I dipped a light- 
ed candle into it, I thought there was an 
appearance of its containing ſomething in- 
flammable, but it was in the ſlighteſt degree 
imaginable. There was, however, evi: 
dently ſomething inflammable in the air ex- 
pelled by water en this charcoal after - 
. $0145 
When I heated ere F copper in ni- 
trous air, there was a ſmall addition to it of 
perhaps a twentieth part; and being ex- 
amined, it was found. to contain two-ſe- 
venths of its bulk of fixed air, and the reſt 
was phlogiſticated. This change in four 
ounce meaſures of the air was produced by 
the loſs of between one-fourth and one-half 
of a grain of the charcoal, and the e 
was evidently revived. — 

That fixed air ſhould-be-produced in this 
experiment, and not in the preceding, is ra- 
ther extraordinary. In this circumſtance it 
7 reſembles 
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reſembles the experiment on the heating 


charcoal of copper in dephlogiſticated air. 


4. It is ſomething remarkable that heat- 
bile the /cales of iron in nitrous Air, has the 
ſame effect as heating iron itſelf in it, but 
then much more time is requiſite to NO 
the fame effect. | | 

43 heated a quantity of ſcales of iron in ni- 
trous air till 2 70 ounce meaſures were re- 
duced to 1.35, and then found it to be 


wholly phlogiſticated air, extinguiſhing a 


candle, and neither affecting common air, 
nor being affected by freſh nitrous air. 


During the proceſs the ſurface of the ſeales 


on which the focus of the lens fell were af- 
fected in a very peculiar manner, as if they 
were ſuperficially melted, the parts being in 
a ſtate reſembling that of ebullition, which 
continued a long time on the ſame ſpot. 
No moiſture was produced in the proceſs, as 
when theſe ſcales are heated in inflammable 
air. « © 70 


uſed in this experiment into diluted oil of 
vitriol, it became white like milk, and very 
"ER. little 


| When I put the ſcales which had been 


| 
| 
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little air was reduced, even by means of 
heat. I got, however, a few bubbles; ſo 


that with good management I could juſt 
be ſure thas it was not fixed air, that it did 
nat affect nitrous air, nor was affected by 
9 A 
4 1 170004 in the ſame manner fp iron 
that had been uſed to diminiſh nitrous air 
by the heat of the ſun. But though I di- 
luted the oil of vitriol with only two equal 
parts of water, it was but weakly acted 
upon, and much heat was neceſſary to effect 
the ſolution of it. During the / proceſs 
much black matter was formed, and the in- 
flammable air produced. had an offenſive 
ſmell. In theſe reſpects this iron ſeemed to 
approach to the nature of caſt iron; but 
when it was melted by a burning lens in 
the open air, the parts of it were not ail 
OT like thoſe of caſt iron. 

6. I took the electric ſpark in a ae 
of depblogiſticated nitrous air, till, without 
any perceivable change in its quantity, it 
was become immiſcible with water. Then, 
admitting diſtilled water to it, there was no 

1 depoſit 
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depoſit made, though I could perceive a 
white ineruſtation quite round the inſide of 
the glaſs veſſel, contiguous to the mercury! 
by which the air was confined.” But ad- 
mitting to it the water in my trough, which 
happened to have mixed with it various 
ſolutions of iron, there was a copious 
white precipitate, This ſubſtance 1 had 
got once before, and found that by expo- 
ſure to a red heat it became of a brown 
colour, and adhered firmly to the pieces of 
earthen ware on which it was heated, there- 
by appearing to be ochre. The whiteneſ 
may have been occaſioned by the mercury, 
Theſe experiments on nitrous air; and the 
ſeveral modifications of it, eſpecially thoſe 7 


1 


in which iron, and other ſubſtanges, ale 
heated in them, and examined afterwards, 
ſcem to; promiſe much more light on the 
ſubject, and on the doctrine of air in general. 
But I am obliged to leave them in the pre- 
ſent unfiniſhed ſtate, in which I do not chuſe 
to riſ any inferences from them. When 
] ſhall have good ſun- ſhine, and eſpecially 
if 1 ſhquld ſucceed in procuring a more 
Ff 3 9 powerful 
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powerful burning lens, I ſhall eagerly re- 


ſume the experiments, and my friends, and 


probably the public, will ſoon be en 
of een idem. 5 
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To the Account 76 nel Es periments 1 fol 
4 an Illuftration of the Note, p. 10 00 
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T HE water expended was 336 grains, and ha 
iron gained: 267 grains. Suppoſing it to have 
loſt phlogiſton equal to half the weight of the 
inflammable air, viz. 840 ounce meaſures — 25 
grains (the whole weight of that air being 50 
grains) the water that really entered into the 
iron muſt be eſtimated at 292 grains (which is 
367 +25). This deducted from 336, leaves a 
remainder of 34, which is not much more than 
257 or half the er of the en air. 
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Res ENI laſt had whe peer of ſeeing you, | 
n happened to mention à new Kind of 
Sek pyrophorns, that had occutted to the, the 
accenſion of which was accompanied with 4 pleaF. 
ing phenomenon, namely, the *inſtantahevus 
revival of the metal which entered into its 

compoſition. Tou expreſſed 4 deſite or being 
informed more particularly of the attendiſig ci 

cumſtances, which I am happy to doe bi 
although I doubt whether the- Hatter ig Weich 
your notice — but this T ſubmit to you.” © ON Ao 


a 
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I filled about five-ſixths of the contents of 4 
copper cylindrical box, which had a lid fitted to 
it, and which was three inches in diameter, and 
two inches in depth, with ſaw-duſt, which 1 
preſſed down; and I laid upon the ſaw-duſt, as 
much well-waſhed plumbum cornaum, as entirely 
filled the box, which I then covered with its lid. 
I placed the box on the coals of a chamber fire, ſo 
that its bottom only ſnould be in contact with 
the fuel, and I kept it on the fire, till no more 
vapour ſeemed to iſſue at the joining of the lid. I 
then removed it from the fire; and while it was 
hot, I cloſed up the Joining of the lid with ſeal- 
ing wax, by which means the external air was 
excluded. After it had ſtood in the cold about 
ten hours, I opened the box; and the corneous 
lead, which was very white before the operation, 
was, now rendered black by the vapour which 
had ariſen from the ſaw-duſt, and which was 
obliged to paſs through the lead before it could 
eſcape. This black metallic maſs was no ſooner 
expoſed to the air, than ignited: ſparks appeared, 
which ſpread more and more, while the lead was 
ſeen to revive. in the form of minute globules, and 
the; part which did not revive, was changed into 
a yellow powder,. or calx of lead. It is to be 


obſerved, that þcfore I opened the 'bax, I placed 
it at the fide of the fire, in order to melt the 
| ſealing- 


rs + 


ſealing-wax, to enable me to ſeparate the lid, 

Ir is poſſible, that this ſmall degree of heat may 
be neceſſary, or conducive, to the accenſiog. 1 
ought alſo to acquaint you, that the preparation 
of this pyrophorus, requires nicer attentions than 
that of any which I am acquainted with. For a 
ſmall exceſs of heat will revive the lead, which 
will ſpoil the experiment. Alſo, if any air be 
admitted through the joints of the veſſels em- 
ployed, the kindling property will be prevented 
by the abſorption of the air, which in this caſe 
Is generally too gradual to produce inflamma- 
tion. The metallic ſubſtance in this ſtate of 
impregnation with inflammable matter, although 
not a pyrophorus,.is an exceedingly quick tinder. 
For when touched, however lightly, by an ig- 
nited body, it will inſtantly kindle, and the fire 
will ſpread over the whole piece, reviving the 


lead wherever it goes, and exhibiting a ver 


beautiful example of metallic reduction, not un- 
like che familiar experiment of reviving the lead 
of a wafer containing minium at the flame of a 
candle; but with this difference, that the fire in 
the wafer requires to be kept up by flame, where- 
as in this metallic tinder, it ſpreads, and creeps 
ſpontaneouſly along without flame, over the | 
maſs, | 


In 
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In the preſent unſettled {kate of chemical theory 
reſpecting combuſtion, I will not encroach on your 
- patience, by attempting to explain the mode of 
action of this and other pyrophori; although it 
requires but little ingenuity to frame hypotheſes, 


with the advantages which philoſophers now fre- 
quently, indulge themſelyes in, of making a 
free uſe of various ſuppoſed principles, as phlo- 
giſton, matter of heat, ſorbile principle, humor, &c. 
of the exiſtence of which we have unfortunately 
none of the proofs, that in other inſtances are 
thought requiſite to evince the preſence of mat- 
ter. I ſhall, nevertheleſs, make one or two re- 
marks, which perhaps may eventually tend to- 
wards a future explanation. 

As in all known inſtances of pyrophori (which 
word I confine to ſuch ſubſtances as having been 
ignited and afterwards cooled, retain the power 
of kindling in a degree of heat much leſs than 
that of ignition, upon expoſure to air) one eſſen- 
tial ingredient is the inflammable matter of ani- 
mals, or vegetables ; for no pyrophorus. has yet 
been made with ſulphur, without the addition of 
other inflammable matter: and as the coal of 
animal and vegetable ſubſtances properly treated, 
without addition of other matters, has been ob- 
ſerved to poſſeſs a pyrophorous quality; there 
ſeems to be ſome reaſon to ſuſpect, that thoſe 
8 _  adventitious 


— 
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ad ventitious ſubſtances which have been em- 
ployed in the preparation of pyrophori, do only 
att as acceſſaries, by placing the animal or ves 
getable matter in proper eircumnſtances for ag- 
cenſion. Thus it is an eſtabliſhed fact, that 
moiſture facilitates the accenſion of Hou 
pyrophorus, and I think it is probable, that the uſe 
of all the ingredients, excepting the flour or ſu- 
gar, in that claſs of pyrophori, is to form a liver 
of ſulphur, which by its powerful attraction of 
moiſture, produces a degree of heat which en- 
ables the pyrophorous vegetable matter to kindle. 
For we know that a moderate heat will often 
effect the accenſion of weak pyrophori, which 
without this help would not kindle, and Mr. 
Bzwizy, has ſhewn,.that if inſtead, of moiſture, 
heat be directly applied, the effect will be pro- 
duced. That moiſture is neceſſary in the ordi- 


' - nary beat of the atmoſpbere has been proved 


by Mr. ScazzLz,. who dried the air of a veſſel 
containing pyrophorus ſo effectually, by means 
of quick · lime, that the pyrophorus remained in- 
active. The error of Meſſrs. Savio vx and Mac- 
rx, in ſuppoſing that the attraction of moiſture 
was cauſed by: a diſengaged concentrated acid 
has been fully ſhewn by ſeveral chemiſts; for 
no ſuch acid exiſts in the pyrophorus, but on 
the contrary, there is a very dry liver of ſulphur, 
which 


/ 
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which is equally attractive of moiſture,” and 
equally at leaſt capable of producing heat by the 
unſon. For beſides the heat produced directly 
in conſequence of the chemical union of liver 
of ſulphur with water, an additional heat ariſes 
from another eauſe, viz. from the change of the 
ſtate of the water, or its tranſition from fluidity 
to ſolidity, which takes place in this inſtance, For 
4 liver of ſulphur of this kind will imbibe a con- 
fiderable portion of water, and remain ftill dry. 
But although the attraction of moiſture may 
be conſidered as facilitating the operation of the 
| pyrophorus, J cannot agree with Meſſrs. Sa vio- 
ny and Macqyes in conſidering it as the ſole, 
or principal cauſe of the accenſion, For, as we 
know from experiment, that pyrophori will not 
kindle in any but pure air, or fluid containing 
it; and farther, that this pure air is actually ab- 
ſorbed by them; we ſeem to have reaſon to be- 
lieve, that the abforption of air by the vegetable 
or animal inflammable matter is the immediate 
cauſe of accenſion; as indeed it ſeems to be of 
all other kinds of combuſtion. We may be 
warranted, I believe, in making one ſtep farther 
towards the explanation of this phenomenon, by 
referring the cauſe of the Production of heat in 
this inſtance of abſorption of air, to the general 


fact or law, which ſeems to be now pretty well 
eſtabliſhed, 
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eſtabliſhed, namely, that heat is produced in all 
caſes, in which bodies. undergo a change of con- 
dition, whereby they are made to occupy leſs 
ſpace than before, and eſpecially when they paſs | 
from a fluid to a concrete ſtate. © 

In what manner the plumbum corneum in the 
pyrophorus, I have deſcribed, contributes to fa- 
cilitate the accenſion of the inflammable matter 
of the ſaw-duſt, . which impregnates the lead, 1 
know not, unleſs by furniſhing to this very fine 
charcoal, or condenſed vapour of the ſaw-duſt, a 
proper receptacle which detains it, and gives it a 
very enlarged ſurface, by which the air may be 
very copiouſly applied. I have endeavoured to 
make a ſimilar pyrophorus by treating minium; 
and ceruſs, in the ſame manner, but by no means 
vith equal ſucceſs. The difference may perhaps 
be owing to the much greater ſolidity of the laſt 
mentioned preparations of lead, than of the 
plumbum corneum. Conſequently they are leſs 
capable of giving an extended ſurface, on which 
the inflammable vapour of the OG meg ä 
depoſite itſelf. hn bowl oahas 1 
7. with reſpe& and eſteem, eee 

Dear Sir, A Fu a 
Your molt faithful Friend, Stil 
and moſt obedient Servant. | 


Peng jr JAMES KEIR, 
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DEAR; $IR, N e eee 
1 RECEIVED your obligingi meſſages, through 
the hands of ——— I do not recol- 
le& any thing that has accortel to me, , worthy 
of communication, except you ſhould deem 
the following experiment, and the inferences 
drawn from it, of ſufficient” importance. But 
ſhould they appear to you unworthy of public 
notice, I rely on your HP to ſuppreſs 
them. 

The Ads of the identity of phlagiſton od 
inflanmable gas; or, that inflammable gas is 


little elſe beſides phlogiſton, ſuggeſted to me the 


thought that, probably, phlogiſticated alkali 
might be readily prepared, by throwing ſtreams 
af that gas into a ſolution of cauſtic fixed alkali, 
I accordingly filled the middle part of a ſmall 
Nooth's machine, the capacity of which was 
about half a pint, with ſuch a ſolution ; and con- 
tinued, for ſome days, to paſs a current of in- 


flammable gas, from iron filings and vitriolic 


acid, contained in the lower part of the machine 
: | through 


| 
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through the liquor. The ſolution acquired a 
browniſh caſt, and conſiderable quantities of gas, 
confined between the middle and higheſt com- 
partments of the machine, diſappeared, though I 
will not ſay they were abſorbed 3. notwithſtanding 
the cauſtic and alkaline caſte of the ſolution was 
not impaired, nor did it acquire the property of 
precipitating Pruſſian blue, from à ſolution of 
martial vitriol. The veſſel being left in a 
window, after 1 ſuppoſed the diſcharge of gas 
had been finiſhed, the ſun's rays. falling on it, 
produced a freſh ſeparation, and fo rarified it, 
that the veſſel burſt. with a loud exploſion. I 
was, therefore prevented from examining whether 
the ſolution had really abſorbed any nnen 
portion of the gas. 

I was at that time unacquainted with the 
. made by Mr. ScazzLe and others, that 
the matter which is united to fixed alkali, during 
its calcination with blood, is not pure phlogiſton, 
but a peculiar acid. Yet I conſidered the above 
experiment as affording ſtront cauſe for ſuſ- 
picion, that mere phlogiſton is not capable of 
neutraliſing, or rendering mild, alkaline ſalts; 

and as affording a probable anſwer to the argu- 
ments that have been uſed by Mr. DELAvAL, in 
his excellent paper on the 7 of the permanent 
colour 
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colour bf opake bodies*, to ſhew that the power, 
which fixed air poſſeſſes of reducing alkaline | 
falts to a mild tate, depends, not on any acid 
quality, but on the phlogiſton which forms one 
of its conſtituent parts. For were this opinion 
well founded, it might reaſonably be expected 
that inflammable gas, which contains ſo much 
larger a proportion of phlogiſton than is com- 
bined. in fixed air, ſhould be, at leaſt, equally 
capable of deſtroying the cauſticity of alkalis, 


I am, with ſincere eſteem, 
e Dear Sir, 
Your faithful and obliged 
Friend, and Servant, 
THOMAS HENRY. 
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1. T* E Hiſtory. and Preſent. State of. 8 
with original Experiments, illuſtrated with Copper- 


plates, gth Edition, corrected and enlarged, 40. * 15. Another 
Edition, 2 vols. 8vo. 128. 


2. Familiar Introduction to the Study of 5 
4th Edition, 8vo. 28. W. i 


3. The Hiſtory and Preſent State of Dltsbeurzes relating to 


Vision, LicuT; and Corob ns, 2 vols. 4to, illuſtrated with « a 


great Number of Copper-plates, 41, 418. 6d. in boards. 


. A Familier Introduction to the Theory und Prasszes of 


ParrzCTIVE, with Copper-plates, 2d Edition, 55. in boards. 


Experiments and Obſervations on different Kinds of An, 


with Copper-plates, 24 Edition, z vols. 1844 in boards. 
N. B. In this Work are included the ion for inflating 
Water with fixed Air, which were formerlypubliſhed leparately. 


6. Experiments and Obſervations relating to various Branches 


of Natural Puixosor Rv, with a Continuation of the . | 


ments on Alx, 2 vols, 128, in Lada. 


7, A New CAA of Hisrory, containing s View of the. 


principal Revolutions of Empire that have 2 in the 
World; with a- Book: deſcribing it, containing an Epitome * 
Univerſal Hiſtory, 4th Edition, 10s. 6d. 7 
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8. A CAR of Bioorayny, with a Book containing an 
Explanation of i it, and a Catalogue of all the 8 L N in 
it; 6th Edition, very much improved; 160 6>& „ 7 7 > 


2 The RupimenTs of ExcLisH GraMuan, ape the 
ſt of Schools. 18. 6d. bound,” ** = 


10. The above Gau, with. Notes and Obſervations, 
for the; Uſe of thoſe who have made ſome Proficiency in the 
Language. The 4th Edition, 3s. bound. 


1. InsTITuUTEs of NATURAL and 8 RELicion, 
in two volumes, 8vo. 2d. edition, — 108. Gd. in boards. 


12. — ledig to Epvcar ov: more eſpecially 


as it reſpects the Mind. To which is added, An Eſſay on a 


Courſe of liberal Education for Civil and Active Life, with Plans 
of Lectures on; 1. The Study of Hiſtory and General Policy. 
2. The Hiſtory of England. 3. The Conſtitution and Laws of 


England, 4%. . 


13. ACouxszE of Lecrvnss on oer and ee 
n. in boards. 8 


14. An Eſſay on · the Firſt Principles of Government, 1 
the Nature of Political, Civil, and Religious LIBER v, 2d Edi- 
tion, much enlarged, 48, ſewed. In this Edition are introduced 
the Remarks on Church Authority, i in Anſwer to Dr. Balgoy, 


formerly publi n 


15. bonus nun, and other. Offices, for the Uſe of Uni- 
turien Societies. — in boards. 4 


| 16. An Examination of Dr. Reiv's Yaguiry into FR Fins: 

Mind, on the Principles of Common Senſe, Dr. .BeavT12's 
Eſſay on the Nature and Immutability of Truth, and Dr. 
Osward's Appeal to Common r Behalf of * 
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Principle of the Aſſoeiation of Ideas, n * relating. to the 
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18. Dis vi- 


BOOK s dn, Jy Dr. PRAESTA BY. 5 


19. Dis@u151 T10ns relating ta Matter and 8rIAIr. To 
which is added, the Hiſtory of the Philoſophical Doctrine _ 
Cerning the Origin:of-the Soul, and the Nature, of Matters jw 

its Influence on Chtiſtianity, eſpecially, with Je ſpect to the — 
trine of the Pre- exiſtence of Chriſt, Alſo the Doctrine of Phiz 
loſophical Neceſſity illuſtrated, the 2d Edition, ede and i im- 
proved, with Remarks on t ſe who have e the Prin- 
ciples of them, 2 vols. 7 in boards. 2H 3 


19. A Fxxe Discussion of the Doerr ar: Arne 
Aris u and PHILOSOPHICAL NxcEssIT Yin a; Correſpondence 
between Dr. Paics and Dr. PaIZSTLEZVY. Toiwhich are added 
by Dr. PaIEsTU EY, an InTRODUCTION; explainang” the Nature 
of the Controverſy, and Letters to ſeveral Writers who have 
animadverted on his Diſauiſitions r relating to Matter nnd Spirit, 
or his Treatiſe on Necellty; 8vo. 6s. r Q 
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20. A Defence of the Dogtine of Ne demirre in oo Leners 
to the Rev. Mr. John Palmer, r 


21. ALetter to Jacos b. van, Eſq; i in Defence of Philoſo- 
en r 


The Detpeter of Divins In err ves on the wn 
Mt v conſidered, in x Sermon publilfied* at the en of 
many Perſons who have pccaſionally: beard it, 1% 
e three preceding Articles" may be properly bout vir he 
niuſtrations of the Doctrine bf Philoſophical pc v1 


2. Au His ton r 'of he ConnvyrioNs , of Heier err. 
TY, with a general Concluſion, in two Parts. Part Con- 


tainidg Confiderationsaddrefſed to Unbelievets, aud eſpeciallyrto 
Mr: Grzzow. Part 2. Containing' Conſideratibnb addreſſed to 


the Advocates for the preſent Eſtabliſhment; und - &ſpecially to 
Biſhop Hua p, 2 vols, 800. price 128. in boards, ot 14s. bound. 
24. An Hisroty of Akty Orintons concervingJevvs 


Outer, compiled from Original Writers; proving that the 
| uicarian, 4 A pee 1 


4 


25. LeTTERs to Dr. an Alckdeveh of 81 Alban's; 
in two Parts, containing-farther Evipaxcs, that the Primitive 
Chrifing, Church was + Unitarian, price 55. 1 
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16. AReyLiy'to the Animapvarrons onthe Hievory of 

the Con nur ions of CyrnigTIAaNITY, in the Monthly Review 

for Jane, 1783; with Obſervations relating to the Doctrine 

of the Primitive n b eg r the yoga of VERY 
vo. price 1606. 


27. RzMaaks on the MonTity 8 of the bir wum 
to Dr. HoxsLE V; in which the Rev. Mr, Samver Bapcock, 
the writer of that Review, is called opon to detend 2 he has 
advanced in it, price Gd. S 


28. LETTIERS to Philoſophical Unbeliever. Part 1. | Contain: 
ing an Examingtion of the principal Objections to the Doctrines 


of Natural Religion, and eſpecially thoſe MICs 4 in the Writ- 
ings of Mr. TRE, 38. ſewed. 


127. ADDITIONAL LyTTExs to a Phi Hloſophical Uabellever, 
in nſwer to Mr. W VII LIAN HAMMON, 18. 6d. 


30. Attiduvay b nens önb and in Greek: To which 


are prefixed Carrical . ere pag in — 4to. 105. 
in boards. EY 


31. A Harmony of th EvAaNnGEL1STSs in BnghG; with 
Notes, and an occaſional Paraphraſe for the Uſe of the Un- 
learned ; to which are prefixed, Critical Diſſertations, and 4 Lets 
ter to the Biſhop of Oſſory, 4to. 158. in boards. 

N. B. Thoſe who are poſſeſſed of the Greek Harmony, may have this 
Is Engliſh avithour the Critical Diſſertations, _ 


32. Tuxzs LaTTzRs to Dr. Newcome, Bihop of we 
on the Duration of our Saviour's Miniſtry, 3s, 6d 


3- A Fa Appress to PROTESTANT DI35ENTER8, on 
the Subject. of the Lord's Supper, 3d Edition, with Additions, 
26. N. B. The Additions to be had alone, 16. l 


34. An Ava to PROTESTANT eee 
Subject of giving the Lord's Supper to Children, 18. 


35. A Fa Ans to PROTESTANT Diss ZN TRS, on 
the Subject of Cyurca DiscireLiNng; with a preliminary Diſ. 
courſe concerning the Spirit of Chriſtianity, and * 
of it by falſe Notions of Religion, 28, 6d. 


35. A Sermon preached before the Congregation of Proteſtant 
Difſenters at Mill Hill Chapel, Leeds, May 16, 1773, on Occa- 


fon of the Author's reſigning his Paſtoral Office among them, 18. 
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- BOOKS: avritten b De. PRIBSTLE 1. 1 
A Samos preached December 31, 1780, at the New 
— in Birmingham, on undertaking the Paſtoral | 


Office in that Place, 18. 

38. The proper Conſtitution of R Chriſtian Church 8 
in a Sermon preached at Birmingham, November 3, 1782 4 to 
which is prefixed a Diſcourſe relating to the preſent State of 
' thoſe who are called Rational Diſſenters, price 1. 


Two Discouxsgs. 1. On Hantrual ' SGP 
2. 3. the Dur v of not Livina to OurssLvEs3 both preach- 
ed to Aſſemblies of Proteſtant Diſſenting a and . 
2 at their Requeſt, price 18. G 0. 


410. The Importance and Extent of Fave Sr in mat- 
ters of Religion, a Sermon, preached Nov. g,'t98g; to which ai 
added, RefleQions on the preſent State of Free Inquiry in this 


Country, and Animadverſions on ſome Paſſages in Mr. White 


Sermons at the Bampton Lectures, Mr. Howes's Diſcourſe on 
the Abuſe of the Talent of Diſputation- in IO, wr a 
Pamphlet entitled Primitive Candour, price 18. 6d, 


41. A View of the Painc1yLes and Conpucr of the 48. 
TESTANT Diss ZN TERAS, With Reſpect to the Civil and Eecle- 
faſlical Conſtitution of England, 2d Edition; 16. Gd. 


4. LET T EAS to the Author of Remarks on ſeveral late Publ. | 


; cations relative to the Diſſenters, in a Letter to Dodtor Prieflly, 10. 


43. ALZTTIEA fol Laruan, on the SubjeR of Mr. Lind- 
fey's Propoſal for a reformed Sgt Wa ce — rn Plan of 
the late Dr. Samuel Clarke, 6d, * 


N. B. Thy preceding nine Pamphler, Nos 34 to 42, may be b 


uni form iy bound, by giving orders for 4 n 5 ure © | 


2 Vols. 8vo. 108. 


* A Carnou1ow Ec and Tenn Pers 34 Vain, 
; | 


45. A ScaryrTury Carzenieu, confilling of 4 Series of 


eftions ; with References to e ere of —2 
ſwerd, id Edition, zd, 7 


46. Watts's Hiſtorical Catechiſm, with As, rite 64. 


47. Consib sar ions for the Uſe of Young Men, and the 
Parents of Young Men, 2d Edition, 2d. 


1 48. A 
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+ 4 "ous 5 written 4 Dh. PRIESTLEY, 


. 4 Sa cov Apzejso eee ein mer, 
of Prayer ad Edition, od. . 1 62 9 2 — . . li 297 8 7 


Piſfenter. A new Edition, enlarged and corrected, 18. 6d. An 
Allowance * made rr who voy. "this" 'Pamphlet- to sive 
away. 


co. An APPEAL to the Relive a candid Profetives er Chi | 


tianiry, on the following ſubjects, viz.” t. The Uſe of Reaſon 
in Matters of Religion. 2. The Power of Man to do the Will of 
God. 3. Original Sin. 4. Election and Reprobation- 5. The 
Divinity of Chriſt; and 6. Atonement for Sin by the Death of 
Chriſt, a new Edition; to which . 5 Conciſe Hiſtory, of 
thoſe Doctrines, 2d. | e Ie es 


' £11. The ien of Tzvewy' * an e of the 
Trial of Mr. ELWALL for Hereſy and Blaſphemy, at Stafford 
* before Judge Denton, 2d Edition, 2d. 


32. A Familiar Illuſtration of certain Paſſages of. Scripture, 
relating to the ſame Subjects, the 3, Edition, Ad. or 38, 6d Xl. 
dozen, 


1. 
21. 14 9 5. E 


53. A GenERAL, View of the — for the Wees 
| Gov, and againſt the Divinity and Pre- exiſtence of Chriſt, from 
Reaſon, from the Scriptures, and from Hiſtory, 2d Edition, 
price ad. 

54. A Fazz ApprEss to thoſe who have petitſoned for the 
Repeal of the late Act of Parliament in favour of the Rowan 
CaTroLICs. Price 2d, or 125, per Hundred to give away. 
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giving Orders for Dr. Prieftley's ſmaller Tracts, 3964 or 368. 
* dozen to thoſe who buy them to give away. 0 & 

Alſe Publiſhed under the Direction of Dr. ParesTLEy, | 

THE THEOLOGICAL REPOSITORY: 
Conſiſting of Original Eſſays, Hints, Queries, &c. calculated 
to promote Religious Knowledge, in Four Volumes, 8vo. 


Price 11. 4s. in Boards. This Work is continued, the 2d' 


Number of the 5th Volume being lately publiſhed, 
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